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THE PRECORDIAL ELECTROCARDIOGRAM IN HIGH LATERAL 
MYOCARDIAL INFARCTION 


FRANCIS F. Ros—ENBAUM, M.D., FRANK N. M.D., AND 
FRANKLIN D. JOHNSTON, M.D. 
ANN ARBOR, MICH. 


HE observations upon which this report is based were made on a group of 

six patients whose routine standard and unipolar extremity electrocardio- 
grams showed changes suggestive of myocardial infarction. The usual pre- 
cordial leads presented no more and often much less evidence pointing to this 
diagnosis. On the other hand, extensive exploration of the left anterolateral, 
lateral, and posterolateral aspects of the thorax at levels higher than those 
usually studied yielded more significant electrocardiographie data. 

Four of the six patients gave a definite history of a coronary accident a few 
days to one year prior to the time of our observations; one of them has recently 
developed a posterior lesion one year after an earlier high posterolateral lesion. 
In two cases the history was merely suggestive of infarction; one patient had 
angina pectoris, intermittent claudication, and an old posterior infarct, and the 
other had moderate congestive failure alone. 

In four patients the changes most characteristic of myocardial infarction 
were recorded in the vertical line of Lead V3, Lead V4, or Lead V; but one to 
three intercostal spaces above the level from which these leads are taken. In 
these eases a diagnosis of high anterolateral infarction was made. In one patient, 
the most striking changes occurred in leads from the anterior and midaxillary 
lines at levels two or three intercostal spaces higher than the usual Lead V; or 
Ve; in this instance, the diagnosis was high lateral infarction. In one case the 
most definite changes were seen in records from points high in the left posterior 
axillary and the left scapular lines and were attributed to a high posterolateral 


From the Department of Internal Medicine, University of Michigan Medical School. Much 
of the work upon which this article is based was done under a grant from the Horace H. 
Rackham School of Graduate Studies. 
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infaret. The observations made were not identical in all patients since only 
as the study progressed were the most advantageous points for exploration re- 
vealed.* 

CLINICAL OBSERVATIONS 


High Anterolateral Infarction.—The first four cases to be discussed are con- 
sidered examples of high anterolateral infarction. 


CasE 1.—H. K., a 41-year-old bus driver entered the University Hospital on June 23, 1944, 
for treatment of a left hemiplegia which had appeared suddenly one year earlier. For two 
weeks prior to the occurrence of the paralysis he had experienced frequent attacks of pain in 
the chest while driving his bus. The attacks were severe enough to make him stop to rest 
and he was finally foreed to stop working because of them. In May, 1943, while sitting in a 
restaurant, he suddenly developed a left hemiplegia. He was under treatment in a hospitai 
for one month; his blood pressure was said to have been high during that period. Ile was 
able to walk with difficulty by August, 1943, but there had been little change in his condition 
for ten months. There was a strong familial history of cardiovascular disorders. 

Examination showed a left spastic hemiplegia with a left facial paresis of central type. 
The retinal vessels exhibited minimal arteriosclerosis. The heart sounds were normal. The 
blood pressure was 120/80, There were occasional extrasystoles. The usual laboratory tests, 
including the blood Kahn reaction, were negative. Roentgenographic examination of the 
thorax showed slight cardiac enlargement and slight pulmonary congestion. 


Electrocardiographie studies were made on July 28, 29, and 30. Only those 
made on the last day, when supplementary precordial leads were taken, are 
reproduced (Fig. 1). The standard and unipolar limb leads exhibit slight left 
axis deviation with small Q waves and slight terminal inversion of the T waves 
in Leads I and V;. The usual precordial leads show tiny Q waves in Leads Vo, 
V3, and V4, and terminal inversion of the T waves in Leads Vs, V4, and V;. In 
the ease of normal subjects there is a rapid increase in the size of the R waves 
as the exploring electrode is moved toward the left side of the precordium. In 
this case, therefore, the R waves are unexpectedly small in Leads V3, V4, and V3. 
It should also be noted that R is taller in Lead Vz than it is in Lead V;; the 
opposite is normal.' 


The tracings from points in the left midelavicular line (vertical line of 
Lead V4) at higher levels (third and fourth intercostal spaces) show both QRS 
and T-wave changes which are strongly suggestive, if not diagnostic, of myo- 
eardial infaretion. Similar but less striking alterations occur in the leads from 
points at the same horizontal levels but in the left anterior axillary line (line of 
Lead V;). Only very slight inversion of the T waves is seen in the record from 
a point in the midaxillary line (line of Lead V;) and at the level of the third 
intereostal space. 


Case 2.—C. K., a 40-year-old engineer entered the Heart Station of the University Hos- 
pital on March 3, 1944. Two months previously he developed burning substernal pain which 


*After the first few cases had been studied, we adopted the plan of taking supplemen- 
tary unipolar leads from points at the intersections of lines on the horizontal level of the 
fourth, third, or second intercostal space at the left sternal margin and the vertical lines of 
Lead V3, Lead Vs. (left midclavicular line), Lead Vs (left anterior axillary line), Lead Ve (left 
midaxillary line), Lead Vz (left posterior axillary line), etc., as indicated. 
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radiated to the left arm and lasted twenty hours. He had been in a hospital for three weeks 
und was gradually resuming activity. There was no history of cardiac symptoms before the 


coronary accident. 
There was no cardiac enlargement. The cardiac sounds were rather loud and the heart 


seemed overactive. There was a faint systolic murmur at the base. The blood pressure was 
170/100. 


The electrocardiograms made during the patient’s acute illness were avail- 
able and are reproduced along with the observations made at the time of our 
examination in Fig. 2. The tracing taken on the day of the attack (Jan. 5, 1944) 
displays very slight upward RS-T displacement in Lead I and slight downward 
RS-T displacement in Lead III, but is not certainly abnormal. On Jan. 11, 1944, 
the changes in the RS-T segment had become somewhat more distinct and a 
tiny Q wave had appeared in Lead I. The standard electrocardiogram taken 
eleven days later shows, in addition, definite terminal inversion of the T waves 
in Lead I, and upright T waves in Lead III. A single precordial electrocardio- 
gram (IV) was made from a point said to be in the vertical line of V3 but two 
intercostal spaces higher than the usual level; it displays QRS and T-wave 
changes characteristic of recent myocardial infarction. The records taken at 
the time of our examination on March 3, 1944, display only small Q waves in 
Leads I and V,; the usual precordial leads, V; to Ve, are well within normal 
limits. The records made from a point high in the anterior axillary line and 
from a point in the line of Lead V3 but at the level of the second intercostal 
space at the left sternal margin show prominent Q waves and normal T waves. 


These changes are regarded as residual electrocardiographie evidence of the in- 
faretion which had oceurred two months earlier; apparently, the alterations of 
the T wave in this case were quite transient. It is notable that only the chest 
leads taken at higher levels and Lead Vy, display signs which can be considered 
significant. The record from a point high in the midaxillary line does not show 
changes of similar degree. 


Case 3.—T. 8., a 37-year-old chiropodist entered the University Hospital on Jan. 18, 
1945, complaining of attacks of dyspnea and hemoptysis. Albuminuria and fluctuating hyper- 
tension had been discovered five years earlier, and one year prior to admission he began to 
have paroxysmal nocturnal dyspnea. He had a typical myocardial infarction in July, 1944, 
after which the attacks of paroxysmal left ventricular failure grew more severe and were 
precipitated by excitement and emotional stress. 

The patient was a small, hyperkinetic man. Marked hypertensive retinopathy was 
present. The heart was tremendously enlarged. A moderately loud systolic murmur and a 
diastolic gallop sound were heard at the apex and along the sternum. There were frequent 
extrasystoles. The blood pressure was 190/130 in the right arm and 130/100 in the left arm. 
A difference of this order was consistently present and was not altered by the position of the 
arms. During periods of stress the blood pressure rose as high as 290/210. Conspicuous 
peripheral arterial thickening was present. 

Slight albuminuria and moderate reduction of urea clearance were found. A histamine 
test failed to give a response suggestive of a phoochromocytoma.2 Other laboratory studies 
of the blood chemistry and pyelograms were negative. Roentgenographic examinations of 
the thorax disclosed great cardiac enlargement and moderate pulmonary congestion. 

A bilateral splanchnicectomy was performed on Feb. 12, 1945. The operation and con- 
valescence were uneventful. The patient was re-examined in the Heart Station on April 12, 
1945. He was then generally improved, and the attacks of left ventricular failure were fewer 
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and less severe. The physical findings were not significantly different from those elicited 
prior to the operation. The blood pressure was 185/135. His referring physician recently 
informed us that he died on Aug. 8, 1945, from a cerebral hemorrhage. 


Electrocardiograms made at the time of the acute infarction were available 
for review. On July 27, 1944, the standard leads displayed prominent Q waves, 
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Except for the relatively small R waves in Lead V3, the precordial leads did not 
suggest fresh myocardial infarction, although the standard leads were compatible 
with that diagnosis. The electrocardiograms, taken on Sept. 11, 1944, displayed 
the usual progression of changes in the standard leads. The precordial leads on 
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have been due to differences in the locations of the precordial points selected 
on the two occasions or, what seems less likely, to changes in the size or char- 
acter of the myocardial lesion. 

Our own electrocardiograms were taken on Jan. 20, 22, and 23, 1945. All 
of the records are much alike and only the last set of tracings is reproduced 
(Fig. 3). Leads I and Vy show small Q waves and very slight terminal inversion 
of the T waves. There is slight depression of the RS-T segment in Leads II, ITT, 
and Vy, but this may be the result of digitalis therapy. The usual precordial 
leads display smaller R waves in Lead V3; than in Lead V2 or V4, tiny Q waves 
in Leads V4, V;, and V¢ and slightly inverted T waves in Leads V; and Ve. 
Curves of this type may occur in left ventricular hypertrophy, but when they 
do the R wave usually grows progressively larger as the exploring electrode is 
moved to the left. Diminution of its size such as is seen here in Lead Vz is rare 
in the absence of anterior infarction... The implications of this finding become 
apparent when one examines the records taken at higher levels in the line of 
Leads V, and V;, for in these tracings there are large QS deflections very sug- 
gestive of infarction. As in Case 2, the inversion of the T waves previously 
present had cleared before the extensive electrocardiographie observations were 
made. 


Case 4.—W. T., a 55-year-old engineer was first seen in the Heart Station of the Uni- 
versity Hospital on July 20, 1943. He complained of pain in the chest and calves. Five 
years before this, he had a quite typical myocardial infarction, and one year later he had 
similar but less severe symptoms. After the second attack he developed mild angina pectoris 
and intermittent claudication. 

The patient was a short, stocky florid man. The heart was not enlarged. The cardiac 
sounds were rather distant. The blood pressure was 124/80. A few riles were heard at both 
lung bases posteriorly. No pulsations could be felt in the left posterior tibial or in either 
of the dorsalis pedis arteries. 

The standard and unipolar limb leads (Fig. 4) display small Q waves in Leads II and Vy 
and prominent Q waves and inverted T waves in Lead III. The precordial leads show only 
flat or slightly inverted T waves in Leads V, and V,. In view of the previous clinical history, 
these changes may represent an old posterior myocardial infarct, but they are not of them- 
selves diagnostic of this condition. 

The patient returned to the Heart Station on Aug. 24, 1945. He had continued to have 
mild angina pectoris and intermittent claudication. Four months earlier, while walking in his 
factory, he had a sudden attack of severe dizziness and had to be assisted to his office. He 
noted diplopia for about one hour and a giddy sensation for several days. This latter com- 
plaint had persisted in mild degree up to the time of admission. 

The findings on examination were much the same as on his initial visit. The blood pres- 
sure was 110/80. There was no evidence of postural hypotension. The hemoglobin, blood 
Kahn reaction, and miniature chest roentgenogram were normal. 


The standard and unipolar extremity electroeardiograms (Fig. 4) are dis- 
tinctly different from those taken two years earlier. There are small Q waves 
and flat T waves in Lead I, and the Q waves previously present in Leads II, ITI, 
and Vy have disappeared. Lead V;, exhibits prominent Q waves and sharp 
terminal inversion of the T waves. The usual precordial leads differ from those 
previously recorded in that the R waves failed to increase rapidly in size as the 
exploring electrode was moved to the left and the T waves are smaller. The 
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attack of dizziness, or the patient may have regarded the symptoms associated 
with it as merely one of his many attacks of angina pectoris. 

High Lateral Infarction.—One ease is considered an example of high lateral 
infarction because the most striking electrocardiographiec changes occurred in 
unipolar leads from the upper lateral aspects of the left thorax and left axilla. 


Case 5.—J. L., a 67-year-old tailor entered the University Hospital on March 4, 1945, 
complaining of dyspnea and visual difficulty. He had noted exertional dyspnea and inter- 
mittent ankle edema for many years. For one year there had been paroxysmal nocturnal 
dyspnea. Ten months before he was first seen, he had been in a hospital for ten days because 
of these complaints. There was no history suggesting an acute myocardial infarction. 
Cataracts had caused progressive reduction in vision. 

The patient was moderately dyspneic and appeared chronically ill. Minimal pulmonary 
congestion and emphysema were noted. The heart sounds were normal; no murmurs were 
heard. The blood pressure was 140/84. There was peripheral arteriosclerosis and minimal 
pitting edema of the ankles. The urine, blood, stool, and blood Kahn examinations were nega- 
tive. Roentgenographic examination of the thorax showed marked cardiac enlargement and 
slight pulmonary congestion. 

The patient responded well to treatment for congestive cardiac failure. He was dis- 
charged on March 17, 1945. He returned for a cataract extraction on May 14, 1945. When 
last seen on Aug. 20, 1945, his condition was unchanged. 


The standard limb and precordial leads taken on March 6 and Mareh 13, 
1945, are similar to those taken on Mareh 14, 1945, which are reproduced in 
Fig. 5. In Lead I there are a tiny R wave preceding a deep S deflection, slight 
upward RS-T displacement, and slight terminal inversion of the T waves. Lead 
V_ is similar except for the absence of the small initial R. Leads II, III, and Vy 
show slight RS-T depression, possibly due to digitalis which the patient was 

‘receiving. The standard precordial curves are distinctly abnormal since the 
R wave grows progressively smaller in successive leads, becoming smallest in 
Lead V;. There is pronounced upward displacement of the RS-T segment in 
Leads V3, V4, and V; and terminal inversion of the T waves in Leads V2 and V¢ 
in addition. Inasmuch as these changes were strongly suggestive of myocardial 
infaretion, but did not include the presence of prominent Q or QS deflections 
in the leads from the usual precordial sites, additional tracings from points at 
higher levels were taken. The characteristic changes sought were recorded from 
regions high up in the line of Lead Vs (see V;—2I.C.S.) and in the vertical 
line of Lead Vg (see Ve—3 I.C.S.). 

High Posterolateral Infarction.—One case has been classified as an example 
of high posterolateral infarction because the most characteristic electrocardio- 
graphic phenomena appeared in records taken from points high in the left pos- 
terior axillary line and over the left scapula. This case was unusually interest- 
ing because of the length of the interval which elapsed between the onset of 
symptoms and the appearance of the electroecardiographie changes. The patient 
recently developed a typical posterior myocardial infarct. 

Case 6.—J.A., a 46-year-old moulder, was admitted to the University Hospital on Sept. 


16, 1944, complaining of severe retrosternal pain. Three years previously he began to have 
incapacitating intermittent claudication. On Sept. 10, 1944, he had attacks of severe, crush- 
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ing, retrosternal pain which radiated to the left arm and hand. These attacks were severe 
and prolonged and were only partially relieved by opiates. Five days before admission, the 
blood pressure was said to be 210/110. 
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The patient was a heavy, muscular man and was in acute painful distress. The heart 
was not enlarged and the cardiac sounds were normal. The blood pressure was 150/90. The 
left leg was somewhat cool, and the pulse in the left dorsalis pedis artery was absent. The 
routine urine, stool, blood Kahn, chest roentgenographic, and blood examinations were negative 
except for slight leucocytosis during the first week in the hospital. 
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The usual treatment for myocardial infarction was instituted. Two lesser attacks of pain 
occurred during the patient’s stay in the hospital. There was some fever, maximum rectal 
temperature 103.2° F., during the first five days. The patient was discharged on the twenty- 
third hospital day. 


A few of the records which display the progression of changes in this ease 
are shown in Fig. 6. The standard and unipolar limb leads taken on Sept. 16, 
1944, are not abnormal. The same leads taken on September 18 exhibit deflec- 
tions of similar outline except for slight changes in the RS-T segment in Lead I 
and some flattening of the T wave in Lead II. The precordial leads of September 
19 (Fig. 7) show a small depression of the RS-T segment in Leads V, and V. 
and very slight elevation of this segment in Lead V¢, but these curves are not 
certainly abnormal. The standard and unipolar extremity leads of September 25 
and September 27 are much alike and both display terminal inversion of the 
T waves in Leads I and Vy. The T waves in Leads II, III, and Vy have become 
very large, tall, and upright. Furthermore, the usual precordial tracings of 
September 27 are very different from those taken eight days earlier, for the 
T waves are much taller in the leads from the right side of the precordium and 
there- is slight terminal inversion of the T wave in Lead Vz. These changes 
represent the first unequivocal electrocardiographie evidence of the myocardial 
infarction which, judging from the clinical data, occurred at least ten days be- 
fore they appeared. Additional records from points in the axilla, high in the 
mid-axillary line (Lt. mid. axill. line), in the posterior axillary line (Lt. post. 
axill. line Level—4 Cost. st. angle), and over the left scapula (Mid. point Lt. 
scap.) exhibit more characteristic changes in the T complex but no significant 
alterations of the QRS deflections (Fig. 7). 

The patient was readmitted to the University Hospital on Sept. 4, 1945, complaining of 
severe pain in the chest. He had been comfortable except for mild angina pectoris until 
three days before when he had anginal pain lasting ten minutes. On the day of admission he 
had a very severe attack which persisted several hours despite repeated hypodermic injections. 

The patient was slightly dyspneic. Fine riles were heard at the bases of both lungs. 
The heart was slightly enlarged and some precordial tenderness was noted. The blood pres- 
sure was 132/70. The blood, urine, stool examinations, and the circulation time were normal. 

The patient was again treated for myocardial infarction in the usual manner. There 
was some recurrence of pain during the third week, but the hospital course was not other- 
wise remarkable. He was discharged on the twenty-sixth day. 


The standard and unipolar limb leads of Sept. 5, 1945, are characteristic 
of recent posterior myocardial infarction and show prominent Q waves and deep 
terminal inversion of the T waves in Leads II, III, and Vp (Fig. 6). Records 
taken on September 6 and September 21 are similar except for greater inversion 
of the T deflections. The precordial leads (Fig. 7) are similar to those taken 
on Sept. 27, 1944, except that terminal inversion of the T waves is present in 
Leads V;, Ve, and Vz. Leads from points low in the left posterior axillary line 
also show typical T-wave changes but those from points at higher levels, which 
exhibited significant changes after the- first infarction, fail to show such altera- 
tions. The contrast of changes in Leads Vy, and Vy produced by the two infarets 
and the appearance with the second infarction of deep inversion of the T waves 
in the lead from the ensiform cartilage (Vg) are additional features of interest. 
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DISCUSSION 


Wood, Wolferth, and Bellet® have proposed criteria for the electrocardio- 
graphie diagnosis of acute lateral or midventricular infarction. The features 
which they considered important were depression of the RS-T segment in 
Lead IV, and usually in Leads I and II, and the absence of signs of posterior 
infaretion in Lead III. Using these criteria Thomson and Feil* reviewed the 
electrocardiograms of nineteen patients who were found at post-mortem examina- 
tion to have lateral myocardial infaretion. Their studies did not disclose a con- 
sistent correlation between the post-mortem and the electrocardiographie find- 
ings; only four of nine patients with recent lateral infarction showed the pat- 
tern described by Wood, Wolferth, and Bellet. Bosco® has employed the same 
criteria in an effort to establish lateral infarction as a distinet anatomicoclinical 
entity different from infaretion involving the anterior or posterior walls of the 
left ventricle. It has been recognized* * that changes of this same type may 
result from digitalis, may occur in records made during attacks of angina 
pectoris, and may appear under other circumstances. Wilson® has pointed out 
that the most reliable signs of myocardial infarction consist of a sequence of 
characteristic alterations in both the QRS and T complexes. It has been our 
experience in this laboratory that lateral infarction of the more usual variety 
produces these characteristic changes in unipolar precordial leads from the 
left lateral thorax (Leads V;, Ve, and V;, which is from the posterior axillary 
line) at the level of the cardiae apex. The records of the group of eases pre- 
sented in this report are quite different from those of the more usual examples 
of lateral infarction, and we believe that they represent an important, although 
probably somewhat uncommon type of lateral myocardial infarction. 

If the electrocardiographie observations made in these six patients are re- 
viewed, certain features appear to be significant. The standard electrocardio- 
grams of all but one of the patients show tiny or small Q waves and flat or 
slightly inverted T waves in Lead I. The magnitude of the changes in the T 
complex varies from case to case, but this would be expected since the electro- 
cardiographie studies were made at very different stages of the infarction in the 
different instances. Although there are no Q waves in Lead I in the records of 
Case 5 which are reproduced, they were present in tracings taken earlier. This 
difference may be aceounted for by a shift in the position of the heart. The 
ventricular complexes of the unipolar lead from the left arm (V,) are similar in 
general outline to those of Lead I in all cases and exhibit small Q waves and 
flattening, sight inversion, or sharp terminal inversion of the T deflections. 
On the whole, the changes in Lead Vy are more striking than those in Lead I, 
and, in the instance of high lateral infarction (Case 5), the difference is pro- 
nounced, probably because the zone of infaretion was in such a position as to 
face toward the left shoulder as well as toward the upper left axilla. 

The character of the complexes of the standard precordial leads dis- 
tinguishes these cases from the usual type of lateral infarction. There are no 
changes diagnostic of infarction in the QRS complexes of the leads from the 
left side of the precordium, and, in all but two cases (1 and 5), distinctive altera- 
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tions in the T complex are absent in the leads from this region, On the whole, 
the deviations from the normal in the standard precordial leads were least im- 
pressive in the cases of high anterolateral infarction. In one instance (Case 2) 
these leads are normal, in two (Cases 3 and 4) they show only tiny Q waves and 
minor changes in the T waves of the leads from the left side of the precordium, 
and in the remaining one (Case 1) the R waves are unusually small in all of 
these leads. Terminal inversion of the T waves is also seen in Leads V4 and V; 
in this case. The usual precordial leads in the ease of high lateral infarction 
(Case 5) display a pronounced decrease of the height of the R wave in successive 
leads. This ease exhibits slight to moderate inversion of the T waves and some 
upward displacement of the RS-T segment in the leads from the left side of 
the precordium. This displacement is apparently of the persistent type since 
the clinical data do not suggest that the infarction was recent. There were, 
however, no roentgenographie signs of ventricular aneurysm, such as have been 
observed in some instances of persistent displacement of the RS-T segment.’ In 
the single instance (Case 6) of high posterolateral infarction, the usual pre- 
cordial leads showed at first only slight depression of the RS-T segment in Leads 
V, and Ve. Subsequently when the changes in other leads had become apparent, 
the T waves of the leads from the right side of the precordium became taller 
and slight terminal inversion of the T deflection appeared in Lead Vo. 

So far as the supplementary leads taken from the upper left thorax are con- 
cerned, it may be said that, in all but one instanee (Case 3), Q or QS and T-wave 
changes characteristic of myocardial infaretion were recorded. In the single 
exception, only QRS changes were present, presumably because the infaretion 
had occurred six months before. Earlier records of the usual type displayed 
characteristic alterations in the T wave. It was necessary to place the exploring 
electrode one to three intercostal spaces above the usual levels to obtain diag- 
nostic electrocardiographie changes. In some instances (Case 6) the zone which 
yielded the most significant changes was relatively small whereas in others 
(Cases 1 and 4) it was much larger. This difference may have depended upon 
the relative size of the infarcted region, but we have no evidence bearing on this 
question. The distinction between anterolateral, lateral, and posterolateral in- 
farets is here based upon the position of the vertical lines through the points 
which yielded the most pronounced electroeardiographic changes. If the most 
pronounced evidence of infarction occurred in leads from points lying directly 
above those used in taking Leads V3, V4, and V;, the case was put in the first 
eroup; if it occurred in leads from points above those used in taking Leads V; 
and V¢, it was placed in the second; and if it occurred in leads from points in 
the left posterior axillary line (V;) and the left scapular line, it was placed 
in the third group. 

Our experience with electrocardiograms obtained by means of unipolar leads 
from the higher levels of the chest has been rather limited. In order to control 
the observations made in our eases of high lateral infarction, we have examined 
tracings* obtained in a similar way from a small group of normal subjects and 


*Some of the tracings utilized were taken in this laboratory’; others were taken by Miss 
Annie Mary Lyle of the Prudential Insurance Company.’ 
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from a group of patients with various kinds of electrocardiographie abnormali- 
ties. Prominent Q or QS waves were not encountered in leads from the higher 
levels of the left anterolateral and lateral thoracic areas when the heart was 
normal. In general, the ventricular complexes of leads from the higher levels 
of the left anterolateral and lateral thoracic areas are transitional in form be- 
tween those of the standard unipolar lead from the left side of the precordium 
and those of the unipolar lead from the left arm (Lead V;,). Whenever, for 
any one of a variety of reasons, there are large Q waves or QS deflections in 
Lead V,, prominent Q waves will usually be present in some leads from the 
upper levels of the left thorax. It is, therefore, our present opinion that promi- 
nent Q waves, QS deflections, and sharply inverted T waves in Leads of the 
kind in question have an important bearing upon the diagnosis of myocardial 
infaretion only when they give rise to ventricular complexes which are more 
typical of this lesion than the ventricular complexes of either the standard pre- 
cordial leads or the unipolar lead from the left arm. The chief indication for 
additional leads from the upper levels of the left thorax is the presence of 
changes suggestive of infaretion in Lead Vy; without corresponding changes in 
the standard leads from the left side of the precordium. 

There are several possible explanations for the occurrence of the most 
striking signs of infaretion in leads from thoracic levels above those usually 
explored. We believe that this phenomenon is usually due to infaretion of parts 
of the wall of the left ventricle which are closer to the base of this chamber than 
those more commonly involved. Some of the infarets studied by Thomson and 
Feil* seem to have been of this sort, and we have recently heard of instances of 
high lateral infarction demonstrated at autopsy in which the standard extremity 
and precordial electrocardiograms resembled some of those described in this 
article.’° It is, of course, possible that the peculiarities of the electrocardio- 
graphie patterns we have described are sometimes the result of rotation of the 
heart or some other change in the spatial relations of its surfaces to the standard 
electrocardiographie leads. It is also difficult to predict what modifications of 
the more common electrocardiographie patterns produced by infarction might 
arise as a consequence of ventricular enlargement following a coronary accident. 

The delayed appearance of electroeardiographie evidence of myocardial in- 
farction in Case 6 (Figs. 6 and 7) is, perhaps, deserving of comment. The 
clinical findings were sufficiently characteristic at the time of the patient’s first 
admission to the hospital to justify the diagnosis made, but supportive eleetro- 
eardiographie data were not obtained, despite frequent examinations, until ten 
days later. Some considerations which may account for the delayed appearance 
of electrocardiographie signs of infarction have been discussed elsewhere." It 
has been pointed out that in leads from the precordium and extremities, in con- 
trast to leads from the surface of the heart itself, the effects produced by the 
parts of the infarct responsible for RS-T displacement may obscure those pro- 
duced by the muscle responsible for inversion of the T deflection. This is likely 
to happen when the muscle zone ischemic enough to give rise to changes of the 
first kind in direct leads is approximately equal in size to the zone ischemic 
only to the degree necessary to give rise to changes of the second kind. A loea- 
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tion of the infarcted region which is unfavorable with respect to the leads em- 
ployed may also account for the late appearance of characteristic electrocardio- 
graphic evidence of infarction. Finally, the extension of an initially small in- 
faret may explain the apparently late development of electrocardiographic 
changes in some instances. In the case under consideration the location of the 
infarct was unusual and certainly unfavorable as far as its detection by means 
of the usual extremity and precordial leads was concerned. It seems probable, 
however, that the factor first mentioned was an important cause of the late 
appearance of inversion of the T wave in Leads I, V;, and Vz. 


SUMMARY 

Six cases of suspected infaretion of the basal parts of the lateral wall of the 
left ventricle are reported. The usual unipolar limb leads and the six standard 
precordial leads failed to furnish unequivocal evidence of myocardial infarction 
in these cases. Unipolar leads from points on the anterolateral, lateral, and 
posterolateral aspects of the upper left thorax supplied electrocardiographie 
data of greater diagnostic value. 

The types of lesions differentiated have been classified as high anterolateral, 
high lateral, and high posterolateral infarets on the basis of the vertical lines in 
which the most significant electrocardiographie changes were recorded. 

The opinion is expressed that in these instances the electrocardiographic 
changes typical of infaretion were most pronounced in leads from the upper 
left thorax because the infareted region was more basal and more lateral than 


is usually the case. It is, however, admitted that rotation of the heart or some 
other change in the relations of its surfaces to the usual leads may have been 
responsible for some of the electrocardiographie peculiarities encountered. 

It is recommended that unipolar leads from the higher levels of the left 
thorax be taken when the elinieal history and Lead I, or Lead V_, both suggest 
that myocardial infaretion has occurred and the standard leads from the left 
side of the preeordium fail to display changes of the kind and magnitude ex- 


pected. 
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ventricular defects are not uncommon. Maude Abbott! listed 50 
pure ventricular defects in her series of 1,000 congenital cardiac lesions. 
The clinical diagnosis of this condition has been entirely dependent upon the 
presence of the pethognomonie Roger murmur,? a localized loud blowing systolic 
murmur heard best just to the left of the mid-sternum and often accompanied 
by a palpable thrill. Presumably the size of the defect is in inverse proportion 
to the loudness of the murmur. An associated cardiac enlargement may be 
present. The electrocardiogram is frequently normal, although right axis 
deviation and a prolongation of the auriculoventricular conduction time are not 
uncommon. Since the shunt is arteriovenous, cyanosis is not present, except 
rarely as a terminal manifestation. Therefore, many ventricular septal defects 
are not recognized during life but are found only at necropsy. 

The development of a safe and relatively simple technique for the 
eatheterization of the right heart in man* presents a new diagnostic aid 
admirably adapted for the detection of this particular congenital defect. Follow- 
ing the introduction of a catheter into the right heart, samples of blood may 
be withdrawn from various known areas by determining the position of the tip 
ot the catheter by fluoroscopy. The presence of an arteriovenous shunt may 
then be demonstrated by the comparison of the respiratory gas contents of 
these blood samples with one another and with samples of arterial blood. 
Further information on the hemodynamics may be obtained by connecting the 
intraeardiae catheter to a recording type of manometer, such as the one de- 
seribed by Hamilton* and analyzing the resultant pressure tracings. Final- 
ly, by direct observation of the movements of the catheter within the 
right heart, useful impressions as to the size, shape, and location of the 
chambers of the heart may be aequired which supplement the information ob- 
tained from the routine x-ray and fluoroscopic studies. In such a study, however, 
two prerequisites must be met which limit its usefulness in children: (1) The 
peripheral venous system must be sufficiently developed to allow the easy passage 
and subsequent manipulation of at least a No. 8, preferably a No. 9 catheter 
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into the median basilic vein, and (2) enough passive cooperation of the subject 
must be assured to maintain a relatively steady physiologic state throughout the 
procedure, since it is quite obvious that the circulation will vary enormously 
from minute to minute in an apprehensive, restless, and uncomfortable subject.* 

Hemodynamic studies made upon two subjects with congestive circulatory 
failure of obscure etiology will be presented in this report. A ventricular septal 
defect was demonstrated in both eases. 


PROCEDURE 


The subject was brought to the laboratory in the morning under basal 
conditions. He was given 30 mg. of phenobarbital by mouth just before leaving 
the ward. The radiopaque catheter was passed through the median basilie vein 
into the thorax under fluoroscopic vision, and the tip was manipulated into the 
desired position. Blood samples were withdrawn under oil; a rigid air-free 
technique was observed. Pressure recordings were made in both the right 
auricle and ventricle. Simultaneous blood samples were taken from the ven- 
tricle, and from the femoral artery through an indwelling needle. These samples 
were immediately analyzed for their oxygen and earbon dioxide content in a 
Van Slyke manometrie apparatus.° In one ease in which the expired air was 
colleeted, aliquots of this air were analyzed for their oxygen and carbon dioxide 
content in a Haldane gas burette. The tracings of the pressures within the right 
ventricle, auricle, and peripheral veins were recorded by a Hamilton manometer 
which was calibrated after each recording.® 

From this series of observations, information was obtained as to the presence 
or absence of an arteriovenous shunt, the peripheral blood flow, and the pressure 
gradient between the peripheral veins, the right auricle, and the right ventricle. 

The demonstration of arterialization of the right ventricular blood is proof 
of an interventricular arteriovenous shunt which cannot be questioned if 
arterial blood is withdrawn from the catheter. Except in the presence of an 
additional tricuspid insufficiency, in which condition the auricular as well as the 
ventricular blood will be arterialized, a ventricular septal defect can be detected 
by a significant difference between the respiratory gas content of the auricular 
as compared with the ventricular blood samples. It is, therefore, of importance 
to determine what degree of difference may be considered to be significant. 
Stead and his co-workers’ have reported that, in three subjects, blood taken from 
the auricle in the region of the tricuspid valve was found to have a very low 
oxygen content compared with samples taken from the right ventricle or other 
parts of the auricle. They concluded that the catheter had entered the 
coronary sinus or an aberrant hepafie vein. Cournand et al.,* on the other hand, 
have shown that the oxygen content of blood taken successively from the right 
ventricle and auricle close to the tricuspid valve varied 0.3 volume per cent or 
less in 19 of 22 subjects, and that in only one subject was the difference greater 
than 1 volume per cent. Thus, a variation of oxygen content of more than 2 


*Since this article was written, Cournand and his group at Bellevue Hospital have studied 
several young children between 2%4 and 6 years of age with various congenital heart defects, 
using avertin as a basal anesthetic and introducing a No. 7 catheter into the heart threugh the 
saphenous vein, exposed at the femoral area under local anesthesia. 
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volumes per cent between the ventricular and auricular samples may be con- 
sidered a significant difference denoting an abnormal communication. Since 
the carbon dioxide content of the mixed venous blood tends to vary considerably 
from minute to minute with any slight respiratory or circulatory change, varia- 
tions between the carbon dioxide content of the several samples are confirmatory 
but not reliable evidence of an abnormal shunt. Furthermore, if the subject 
under study is in severe right-sided cardiae failure, a functional tricuspid 
insufficiency must be suspected and looked for, and, if found to be present, it 
must enter into the evaluation of the data. 

In the absence of a tricuspid insufficiency or an abnormal shunt, the oxygen 
content difference between the arterial and mixed venous blood within either the 
auricle or ventricle is a measure of the systemic blood flow. In the normal 
resting individual this difference is 4.5 + 0.7 volumes per cent, but in congestive 
failure or shock it may be increased to as high a value as 16 volumes per cent,* ° 
and, conversely, during anxiety, anemia, or fever, to as low as 2.5 volumes per 
eent.° 1" If the total oxygen consumption per minute is known during the 
period of blood sampling, the systemic blood flow may be calculated, using the 
simple Fick principle : 


Oxygen intake ml. per minute 
Arterial 0, vol. % — venous 0, vol. % 


Systemic blood flow/min, = 


Since the volume of blood flowing through the ventricular septal defect is un- 
known, the pulmonary blood flow obviously cannot be calculated in the presence 
of this condition, unless samples are taken in the pulmonary artery. 

The analysis of the pressure tracings is primarily dependent upon an unob- 
structed manometric system. It is often of great value to know the pressure 
changes at the site of the blood sampling. [or example, if the ventricular blood 
is identical with that drawn from the femoral cannula, a comparison of the 
pressure tracings will determine whether or not the catheter tip has penetrated 
from the right into the left ventricle through the defect. Furthermore, an 
auricular pressure tracing is the most accurate means for the detection of a 
tricuspid insufficiency.® 

OBSERVATIONS ON TWO PATIENTS 


With this preliminary discussion of the interpretation of the hemodynamic 
observations made possible by right heart catheterization, the case reports and 
cardiac catheterization studies of two subjects with ventricular septal defects will 
be presented. 


Case 1.—A.58., a 20-year-old single girl of Italian parentage, gave a history of a fall at 
the age of 7 years in which she struck her epigastrium against a step. Following this accident 
she was admitted for abdominal swelling to another hospital, where a diagnosis of rheumatic 
heart disease was made. After four months the abdominal swelling subsided and she was 
symptom-free until the age of 15 years, at which time swelling of her ankles was followed 
by enlargement of her abdomen. For the six months preceding admission to the Presbyterian 
Hospital, her edema did not respond to treatment. Physical examination disclosed a poorly 
developed, pale adolescent girl appearing much younger than her chronological age, with a 
greatly distended abdomen. There were distention and pulsation of the jugular veins. The 
lips and nail beds were slightly cyanotic. The heart was enlarged more to the right than to 
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the left. Over the pulmonary conus there was marked pulsation, a systolic murmur transmitted 
to the clavicular area, and a diastolic murmur transmitted to the apex. There was a loud 
systolic murmur over the apex and tricuspid area. The pulmonic second sound was louder 
than the aortic. The abdominal wall was edematous and an obvious fluid wave could be 
demonstrated. Pitting edema of the sacrum, shins, and ankles was present. On admission, 
the venous pressure was 240 mm. of water. Serum proteins were 6.1 Gm., albumin, 4.4 per 
cent, and globulin, 1.7 per cent. Other laboratory findings were noncontributory. Fluoroscopy 
of the chest revealed moderate enlargement of the heart with good pulsation at the left and 
only transmitted pulsation at the right border. After ingestion of barium, a posterior dis- 
placement of the esophagus was noted. The electrocardiogram disclosed a left-axis deviation 
and a P-R interval of 0.27 second. Clinically, she was considered at this time to have an ad- 
hesive pericarditis associated with possible chronic rheumatic valvular disease. The possi- 
bility of a congenital cardiac lesion was suggested by one examiner. 

The hemodynamic studies were carried out on the ninth day following her hospitalization, 
after diuresis had brought about a 14-pound weight loss. 


Fig. 1.—Roentgenogram of the thorax in Case 1, A. S. 


Procedure (Figs. 1 and 2; Tables I and II).—The catheter passed readily 
into the right auricle, which appeared to be neither dilated nor enlarged, and eas- 
ily slipped through the tricuspid valve into a markedly enlarged right ventricle. 
Simultaneous blood samples taken from the right ventricle and femoral artery 
disclosed almost identical values for the respiratory gas contents: a carbon 
dioxide content of 50.5 volumes per cent and an oxygen content of 15.6 volumes 
per cent in the ventricular blood, and a carbon dioxide content of 50 volumes 
per cent and an oxygen content of 15.8 volumes per cent in the femoral arterial 
blood. This was a completely unexpected occurrence, which was positive proof 
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TABLE I, BLoop GAS MEASUREMENTS 


. [Case 1], female, 20 years old, oxyhemoglobin capacity 17.1 volumes per cent) 


CARBON OXYHEMO- OXYHEMO- 

DIOXIDE GLOBIN GLOBIN 
LOCATION OF CONTENT CONTENT PRESSURE SATURATION 
CATHETER TIP (VOLS. %) (VOLS. %) (MM. HG) (%) 


Posterior right ven- 50.1 15.4 40/10 90.0 
tricle 

Femoral cannula 50.0 15.6 112/72 90.8 

Anterior right ven- 50.8 14.4 40/10 83.2 
tricle 

Right auricle at tri- 51.2 14,1 mean 9.8 82.5 
cuspid valve 

Right auricle at 52. 10.4 mean 9.8 60.8 
level of third rib 

Right auricle at 4 cm. 52.5 10.7 mean 9.8 62.5 

higher 


Fig. 2.—Lateral roentgenogram of the thorax in Case 1, A. S., showing the catheter in 
place in the right ventricle. The second ventricular blood sample and ventricular tracings 
were obtained with the catheter in this position. 

TABLE II. BLoop PRESSURE MEASUREMENTS 


(A. 8. [Case 1], pressures recorded in millimeters of mercury) 


FEMORAL RIGHT RIGHT 
PRESSURES ARTERY VENTRICLE AURICLE PERIPHERAL 
Systolic 43-33 
Diastolic 16-10 
Mean 9.8 
Pulse 27-23 
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of a septal defect. While awaiting the afore-mentioned determinations, simultane- 
ous femoral and right ventricular pressure tracings were recorded without chang- 
ing the position of the catheter. It was very evident from these pressure tracings 
that the catheter tip had not entered the left ventricle, since the femoral arterial 
pressure was 112/72 and the right ventricular pressure was 40/10. When the 
results of the blood gas analysis were known, the catheter was widely manipu- 
lated. The right ventricle was observed to extend from about 1 em. below 
the sternum (Fig. 2) to within a centimeter or two of the vertebral column. A 
second ventricular sample taken from the anterior area of the right ventricle 
disclosed a carbon dioxide content of 50.8 volumes per cent and an oxygen content 
of 14.6 volumes per cent, thus showing an admixture of mixed venous blood. 


A 


Fig. 3.—A, Simultaneous right ventricular and femoral pressure curves, taken with the 
catheter in the position shown in Fig. 2. B, Auricular pressure curve at the tricuspid valve. 
C. Auricular pressure curve taken at the level of the second anterior intercostal space. D, 
Pressure curve taken in the brachial vein. E, Pressure curve taken in external jugular vein 
two weeks later. 


The pressure tracings at this point were identical with the previous ones (Fig. 
3, A). Upon withdrawing the catheter from the right ventricle while taking 
a continuous pressure tracing, a blood sample was taken close to the tricuspid 
valve, where the pressure curve first changed from the ventricular to the 
auricular pattern. The respiratory gas content of this sample closely checked 
with the second ventricular sample (a carbon dioxide content of 51.2 volumes 
per cent and an oxygen content of 14.3 volumes per cent). The auricular 
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pressure tracings at this point showed evidence of tricuspid insufficiency, i.e., 
marked abnormal systolic increase in pressure. Unfortunately, these tracings 
were not timed by either an electrocardiogram or a femoral tracing (Fig. 
3, B and C). Two further auricular blood samples were taken from the right 
auricle at about the level of the fourth anterior rib and second anterior inter- 
costal space. The pressure tracings at these points were similar to those obtained 
from the tricuspid area but the respiratory gas contents, which checked one an- 
other, disclosed considerably more carbon dioxide (52.4 volumes per cent) and 
less oxygen (10.4 volumes per cent) than the one taken at the tricuspid valve. 
Pressure tracings taken in the brachial vein continued to show retrograde pulsa- 
tions associated with tricuspid insufficiency, although ten days later, following 
a 25-pound diuresis, no evidence of tricuspid insufficiency could be found on an 
external jugular tracing (Fig. 3, D and E). 

Summary.—The practically identical respiratory gas contents of the arterial 
and right ventricular blood samples prove the presence of a ventricular septal 
defect. A functional tricuspid insufficiency and right ventricular hypertension 
were demonstrated by the pressure tracings, the former being substantiated by 
the arterial contamination of the auricular blood sample taken at the tricuspid 
valve. In view of the extensive tricuspid insufficiency, no estimation of the 
peripheral blood flow was possible. The diminution of the pressure gradient 
between the peripheral and central venous pressures was an additional reflection 
of the extensive cardio-circulatory failure. 


CASE 2.—T.P., a 16-year-old Negro schoolboy complained of a painless gradual enlarge- 
ment of his abdomen for six months prior to his admission to the hospital. He had continued 
. to participate in his usual activities, including basketball, without discomfort. He denied 

dyspnea, orthopnea, cough, or chest pain. The past history was entirely negative except for 
pneumonia at 9 and gonorrhea at 14 years of age. On admission, he was observed to be a well- 
developed and well-nourished boy. He could lie flat without discomfort. The heart was slight- 
ly enlarged both to the right and to the left. No thrill was palpable. The heart sounds were 
of good quality; P, was loud and snapping. A short, high-pitched, systolic murmur was heard 
slightly above the apex but was not transmitted. The liver was palpable 4 fingerbreadths be- 
low the costal margin and was very slightly tender. The spleen was palpable 3 fingerbreadths 
below the left costal margin. Neither ascites nor peripheral edema was present. Clubbing 
of the fingers or cyanosis was not observed. The laboratory findings were essentially negative ; 
the blood count, erythrocyte sedimentation rate, and serum proteins were normal. The electro- 
cardiogram showed a right-axis deviation, and a P-R interval of 0.26 second. T, and T, were 
isoelectric, T, showed low voltage, and T,, was large. X-ray (Fig. 4) and fluoroscopic exam- 
ination revealed the heart to be slightly enlarged to the right and to the left, with enlarge- 
ment of the right ventricle and pulmonary conus, and a small aorta. The pulsations were 
good, except along the upper right border. The left auricle was markedly enlarged, dis- 
placing the esophagus posteriorly. There was no hilar,dance. The roentgenogram was 
normal; pulsations were observed in all the visualized portions of the heart. The venous 
pressure was 347 mm. of saline, the circulation time was 15 seconds, and the vital capacity 
was 3,500 cubic centimeters. The clinical opinion in this case was divided between an 
interauricular septal defect and a constrictive pericarditis. 


Procedure.—The catheter was passed without difficulty into the right 
auricle. This chamber did not appear to be enlarged. Due to the suspicion 
that an interauricular septal defect might be present, blood samples were 
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taken from the superior-vena cava, from the hepatic vein, and from the right 
auricle before the catheter was slipped into the right ventricle. This chamber 
was markedly dilated. Simultaneous right ventricular and femoral arterial 
blood samples were withdrawn during the collection of expired air. Although 
the patient was hyperventilating moderately, his pulse remained constant. 
Manometric tracings were taken of the right ventricular, and, upon withdrawal, 
of the auricular pressures. <A final auricular blood sample was withdrawn two 
and one-half hours after the first sample. The catheter was within the heart two 
hours and fifty minutes. 


Fig. 4.—Roentgenogram of the thorax in Case 2, T. P. 


The respiratory gas contents of the various blood samples and the times 
and location of sampling are presented in Table III. As can be seen, the gas 
contents of the hepatie vein and right auricular blood checked very closely even 
over a period of more than two hours, whereas the blood from the superior vena 
cava disclosed considerably more carbon dioxide and less oxygen. A difference 
of this magnitude between the gas contents of the superior vena caval blood and 
the right auricular and hepatic blood has not infrequently been observed. The 
presence of a small interauricular septal defect with the stream of blood flowing 
down into the tricuspid and hepatic vein region might be suspected on this data 
alone but would appear to be unlikely in the presence of a normal-sized auricle 
and a normal auricular pressure tracing. The ventricular blood, however, 
showed a marked degree of arterialization, which is consistent with the diagnosis 
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TABLE III. Brioop GAs MEASUREMENTS 


(T. P. [Case 2], male, 16 years old, oxyhemoglobin capacity 16.8 volumes per cent) 


CARBON OXYHEMO- OXYHEMO- 
DIOXIDE GLOBIN GLOBIN 
LOCATION OF CONTENT CONTENT PRESSURE SATURATION 
TIME CATHETER TIP | (VOLS. %) (VOLS. G%) (MM. HG) (%) 
9:40 A.M. Superior vena cava 43.1 9.0 mean 22 53.6 
9:45 A.M. Hepatic vein 41.5 10.9 ae 64.9 
9:50 AM. Right auricle 41.2 10.6 mean 22 63.1 
10:58 A.M. Right ventricle 38.8 13.9 54/25 82.8 
10:58 A.M. Femoral cannula 38.1 16.6 118/70 98.8 
12:30 P.M. Right auricle 40.9 11.0 mean 22 65.5 


TABLE IV. HEMODYNAMIC MEASUREMENTS 


(T. P. [Case 2], 16 years old; body surface area 1.87 M.?) 


MEASUREMENTS CONTROL | OBSERVED 
Ventilation L./min./M.2 B. S, A. 4.04 + 0.64 5.66 
Pulse 66 + 7.6 86 
Oxygen consumption ¢.c./min./M.2 B, A. 129 
Arteriovenous difference vol. % 45 + 0.7 5.7 
Systemic blood flow L./min./M.2 B. 8. A. 3.12 + 0.4 2.26 
Plasma volume c.c./M.2 B. 8. A. 1,600 2,370 


TABLE V. BLoop PRESSURE MEASUREMENTS 


(T. P. [Case 2], pressure recorded in millimeters of mereury) 


FEMORAL RIGHT RIGHT PERIPHERAL 
PRESSURES ARTERY VENTRICLE AURICLE VEIN 
Systolic 118 54-47 27-25 
Diastolic 70 25-20 22-20 
Mean 80 29 29 
Pulse 48 29-27 


of a left-to-right arteriovenous shunt and is associated with a marked dilatation 
of the chamber of the right ventricle. The pressure tracings showed a high ven- 
tricular systolic and diastolic pressure (Table V). Since the auricular tracing 
disclosed no evidence of a tricuspid insufficiency or patent auricular septum, it 
was possible to caleulate the peripheral blood flow from the mean auricular and 
femoral blood oxygen difference (Table IV). That the patient was in a very 
steady state is indicated by a constant pulse and the close checks of the carbon 
dioxide contents of his auricular blood samples over a period of two and one-halt 
hours. The hyperventilation observed during the collection of his expired air 
was apparent several days later when some respiratory studies were done under 
truly basal conditions, and thus it presumably was not induced by the procedure. 
His peripheral blood flow was low and there was a loss of pressure gradient 
between the peripheral and central veins, which findings confirmed the clinical 
impression of cardio-circulatory failure. Following these observations, the 
patient was digitalized, with a resulting weight loss of 11 pounds. Seven 
months later he re-entered the hospital in severe congestive failure with ascites 
and marked pitting edema whieh was improved by bed rest and diuresis. 
Summary.—tThe arterialization of the right ventricular blood demonstrated 
the presence of an interventricular septal defect. The identical respiratory 
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gas contents of the hepatic vein and the auricular blood, and the absence of an 
enlarged right auricle practically rule out a functional auricular septal defect. 
The patient’s congestive failure was reflected by a low peripheral blood flow, 
increased intraventricular and auricular pressures, a loss‘of pressure gradient 
between the peripheral and central veins, and an increased plasma volume. 


DISCUSSION 


The marked arterialization of the right ventricular blood of these two sub- 
jects is positive evidence of the presence of an arteriovenous shunt through the 
ventricular septum. Whether or not this defect is the only anomaly present in 
these patients cannot be stated. In the absence of infection, congestive failure 
in pure ventricular septal defect is considered unusual. Of Abbott’s 50 ‘‘pure’’ 
cases, only four died of cardiac insufficiency. In the autopsy files of the Presby- 
terian Hospital, six cases are listed as having an isolated ventricular septal de- 
fect, in two of which the cause of death was cardiae insufficiency. It is obvious 
that the septal defect was large in both of our patients. Although in the case 
of A. S. (Case 1) the first ventricular sample must have been taken direetly from 
the arterial stream, the second ventricular and first auricular samples are prob- 
ably more representative of the mean ventricular mixture, of which approx- 
imately 70 per cent must have come from the arterial side. Similarly, the per- 
centage of arterial blood in the ventricular sample taken from T. P. (Case 2) 
must have been in the neighborhood of 60. It therefore seems logical to conclude 
that the apparent large size of the arteriovenous shunt contributed materially to 
the development of eardio-cireulatory failure in these two subjects. Moreover, in 
our first case there was some questions of a pericarditis being present, based upon 
poor pulsations of the right heart border and calcification in the region of the 
right ventricle. Dr. Robert Levy considered the possibility of an additional 
patent ductus arteriosus as contributing to heart failure. It is of interest that 
in both these patients congestive failure became crippling at the ages of 15 and 
16 years, respectively, in view of the fact that Abbott’s figures indicate that the 
average life expectancy of individuals with a ventricular septal defect is 14144 
years. 

Upon routine x-ray and fluoroscopic examination, the esophagus of each of 
these patients was considered to be displaced posteriorly by what was in- 
terpreted as an enlarged left auricle, but with the catheter in place it appeared 
to be the right ventricle. In the first case the catheter tip was observed to be 
closely adjacent to the vertebral column in one position, as well as beneath the 
sternum anteriorly in another (Fig. 2). Thus, in this subject the right ven- 
tricle appeared to fill almost the entire anterior posterior plane of the thoracic 
cage. In the second patient an attempt was made to pass the catheter into the 
pulmonary artery. During this unsuccessful attempt the catheter tip was seen 
to move along within the prominence which formed the left upper heart border, 
identifying this to be part of the enlarged right ventricle. These observations 
emphasize the difficulties of an attempted interpretation of the homogenous 
cardiac shadow without the aid of a contrast medium. 
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The detection of an arteriovenous shunt by this method is obviously de- 
pendent upon having a sufficiently large admixture of arterial blood bathing 
the tip of the catheter during the collection of the sample to produce a signifi- 
cant auricular ventricular oxygen difference. Obviously many smaller shunts 
ean be missed by this method. Since the usual anatomic site for these defects 
is at the base of the heart, the tip of the catheter should be directed to that 
location for at least one sampling. In smaller septal defects the additional 
findings of right ventricular dilatation and/or hypertension would not be 
anticipated. But if a bacterial implantation were present, a positive blood eul- 
ture might be obtained. 

SUMMARY 


Observations made by means of right heart catheterization upon the hemo- 
dynamics of two subjects with congestive failure of obscure etiology are reported. 

In both subjects a large ventricular septal defect was demonstrated by the 
arterialization of the right ventricular blood. 


The authors are greatly indebted to Dr. Dickinson W. Richards, Jr., and Dr. André 
Cournand for their advice and helpful criticism. 
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A SIMPLIFIED AND MORE STANDARDIZED TECHNIQUE FOR 
RECORDING MULTIPLE PRECORDIAL ELECTROCARDIOGRAMS 


ARTHUR J. GEIGER, M.D., AND JESSAMINE R. GoERNER, M.D. 
NEw Haven, Conn. 


F gemasncaes the superiority of multiple chest leads to any single precordial 
placement is well known to electrocardiographers, the majority of lab- 
oratories and physicians still fail to take advantage of this fact in routine electro- 
cardiography. It is probable that this dilatoriness in adopting a technique of 
proved value is attributable to several factors: (1) the recording of multiple 
chest leads instead of a single one ealls for additional technical time and effort, 
(2) the average laboratory technician is probably incapable of selecting cor- 
rectly the anatomic sites specified by the American Heart Association for the 
six precordial placements, and (3) there is still uncertainty and inadequate 
information concerning the normal criteria for chest lead electrocardiograms 
obtained from all six precordial placements with the four conventional attach- 
ments of the indifferent or distant electrode. This last deficiency would un- 
doubtedly be remedied sooner if the retarding influence of the first two factors 
named were removed, and then the routine employment of multiple precordial 
derivations would probably be more widely adopted. 

In an effort to expedite, simplify, and expand the practice of recording 
multiple precordial lead electrocardiograms, we have devised and studied the 
procedure described in this paper. Ample preliminary tests appear to establish 
the procedure as clinically useful and reliable. 


M™THODS AND PROCEDURE 


Instead of identifying each of the precordial lead placements individually 
as recommended by the American Heart Association, the technique we employed 
requires finding only Positions 1 and 6, both easily identified; Positions 2 through 
5 fall arbitrarily at even distances between 1 and 6. This is accomplished by 
the use of an elastie electrode belt made of good quality rubber of uniform 
elasticity. The belt, which is 3 em. wide and at least 120 em. long, is perforated 
at intervals of 4 em. with holes sufficiently large to hold the handles of the six 
chest electrodes.* After the patient’s chest has been marked in Position 1 
(right sternal margin at fourth intercostal space) and Position 6 (midaxillary 
line halfway between the axilla and the costal margint), the belt is applied 

From the Department of Internal Medicine, Yale University School of Medicine, New 
Haven, Conn. 

Received for publication Nov. 23, 1945. 

*Belt and circular electrodes (3 cm. in diameter) supplied by Cambridge Instrument 
Company, New York, 

#This point falls within + 1 cm. of the midaxillary point reached by ‘‘a line drawn from 
the left sternal margin in the 4th intercostal space to the outer border of the apex beat (or 
to a point of junction of the midclavicular line and the 5th intercostal space) and continued 
around the left side of the chest,’’ as specified by the American Heart Association.? 
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so that the first electrode overlies Position 1 and the sixth electrode overlies 
Position 6; the four intermediate electrodes will then lie at even distances be- 
tween the first and sixth as determined by the stretch of the belt. Electrode 
jelly is applied to the surface of each electrode by lifting one edge, and satis- 
factory contact is obtained by twirling the electrode against the skin. In 
recording the six chest leads the precordial lead wire is connected with each of 
the electrodes in turn, or a six-station switching device* may be interposed. 
Fig. 1 illustrates the electrode belt and switch. 


Fig. 1.—-Left oblique view of the electrode belt in use. The switchbox, A, is an optional 
convenience for rapid recording from each of the six precordial positions; if the switchbox is 
not used, the chest lead wire, B, from the electrocardiograph is simply connected in succession 
with each of the six precordial electrodes. 


Whether one follows the precordial placements recommended by the Ameri- 
ean Heart Association or utilizes the belt technique described, Positions 1 and 6 
will be identical, but Positions 2 through 5 may differ moderately between the 
definitive official placements and the more arbitrary placements imposed by the 
belt. Fig. 2 illustrates the differences in the electrode positions of the two 
techniques on the thorax of a man of intermediate size and build. 

The validity of the belt technique may be assessed, in part, by noting how 
closely the electrocardiograms obtained by the belt placements of the electrodes 
resemble the tracings obtained by the definitive anatomic placements. Such a 
study was undertaken on normal subjects and on a group of patients with cardiac 
and electrocardiographic abnormalities. The normal group included subjects of 
both sexes and of all body types from the asthenic, whose vertical hearts were 


*Obtained from Sanborn Company, Cambridge, Mass. 
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largely retrosternal, to the extremely obese and hypersthenic with relatively 
horizontal position of the heart. All electrocardiograms were obtained with the 
subject reclining and with the trunk elevated to an angle of 45 degrees. The six 
precordial electrocardiograms were recorded by both the conventional and the 
belt techniques, with the indifferent electrode attached successively to the right 
arm, left arm, left leg, and to a central terminal of 5,000 ohms resistance.* The 
galvanometer was adjusted to a sensitivity of 1 cm. per millivolt. The two 
series of twenty-four electrocardiograms each, obtained by the two techniques, 
were then carefully compared. 


Fig. 2.—The blackened circles mark the six precordial electrode positions as defined by 
the American Heart Association; the numerals indicate the positions assumed by the electrodes 
with the elastic belt technique. The subject was a man of intermediate build whose electro- 
cardiograms obtained by the two techniques are compared in Experiment 1 of Table I. 


RESULTS 

I. Normal Subjects—tThirty normal young adults (fifteen men and fifteen 
women) were selected as experimental subjects. Two parallel series of chest 
lead electrocardiograms were made upon each by the conventional and the belt 
techniques described; the results were carefully compared and the differences 
were tabulated. 

Auricular deflections are usually poorly represented in precordial leads as 
eompared with limb leads; the slight differences that oceurred occasionally in P 
waves of the two series were considered insignificant. For the purposes of this 
study attention was focused on the details of the ventricular complexes. The 
dissimilarities noted are summarized for the male and female subjects in Tables 
I and II; where differences existed the actual amplitudes of the deflections 
are stated in millimeters, with the value by the conventional technique to the 
left of the colon (:) and the value by the belt technique to the right. 

It may be seen from the tabulations that only exceedingly slight or imper- 
ceptible differences were noted between the twenty-four pairs of tracings in 
eleven of the subjects (Grade of Similarity: A). Figs. 3A and 3B illustrate 
the remarkable similarity of the comparable electrocardiograms in a repre- 
sentative subject of this group. 


*These four peripheral attachments were easily and quickly made through the use of a 
suitably designed switching device made for us by Sanborn Company, Cambridge, Mass. 
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In sixteen cases there were moderate differences, usually in the relative 
amplitudes of R and S, and occasionally in the amplitude of T (Grade of 
Similarity: B). Figs. 4A and 4B illustrate the tracings in a typical case of 
this group. 

In three cases the records were classified Grade of Similarity: C, because 
either Q or S was present in some of the tracings by one technique and absent 
by the other, or because T was oppositely directed in one or more tracings of 
the two parallel series. Inspection of the data in Tables I and II will reveal 


GR... 


Fig. 3A. 


Figs. 3A and 3B.--Normal male subject (N. J.). In this and the figures that follow, 
CR, CL, SOF. and CV refer to the placements of the indifferent (distant) electrode on the right 
arm, left arm, left leg, and a central terminal of 5,000 ohms resistance, respectively. The 
arabic numerals 1 to 6 refer to the precordial positions of the exploring (near) electrode; the 
suffixes a and b indicate electrocardiograms obtained by the conventional and belt techniques, 
respectively (see text for details). 
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that Q-, S-, and T-wave differences in this group concerned only deflections of 
very small amplitude. Figs. 5A and 5B illustrate the electrocardiographie dif- 
ferences in one of these three most dissimilar cases. 

The QRS patterns were slightly more variable in the female series than in 
the male, yet without apparent correlation with body build. Also, several of the 
women consistently yielded tracings with more or less serious artifact in the 


Fig. 3B.—(For legend see Fig. 8A.) 
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form of baseline movement, especially in Positions 4, 5, and 6 with the belt tech- 
nique. This artifact was proved not to be due to muscle tremor; it seemed re- 
lated to the use of smooth-surfaced electrodes in the three lateral positions. By 
substituting grooved electrodes in these positions the artifact was eliminated ; 


Figs. 4A and 4B.—Normal male subject (H. H.). 


this suggested that imperceptible slipping of the electrodes in the region of the 
female breast was the cause of the difficulty. 
It was interesting to observe that relative largeness of deflections in com- 


parable tracings was not a uniform characteristic of either technique. Thus, as 


may be seen in Tables I and II, a given deflection was sometimes of greater 
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amplitude with one technique than with the other in a given subject, while in 
another subject the same technique yielded relatively smaller deflections; and in 
some instances relative largeness of given deflections was manifested alternately 
by the two techniques, not only between different electrode positions but also 
with the same position on changing from one to another of the four indifferent 


peripheral electrode attachments. 


CR 


Fig. 4B.—(For legend see Fig. 4A.) 


It is apparent from the representative illustrations and from the details 
given in Tables I and II on all thirty normal subjects that in no case were the 
differences between the electrocardiograms obtained by the two techniques of 
such nature or degree as to be clinically significant. 
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That the recorded dissimilarities, though relatively minor, were not neces- 
sarily attributable to positional.variations of the chest electrodes betwéen the 
conventional and the belt placements was suggested by the observation that 
even the tracings obtained from the first and from the sixth positions, whose 
placements were identical in the two techniques, showed occasional differences. 


CL CF CV 


on 


Fig. 5A. 
Figs. 54 and 5B.—Normal female subject (R. W.). 


This clue was pursued further by the repeated recording of the twenty-four 
precordial tracings on twenty separate occasions in the same subject. The results 
are summarized in Tables III and IV, which reveal several facts of interest: 


(1) the series pairs were remarkably similar on some occasions, while at other 
times there were deviations in Q, R, S, and T which were quite equal to the 
differences noted among the thirty different subjects (compare Table IIT with 
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Tables I and II); (2) the grades of difference between the members of a pair 
of tracings obtained by the two techniques on any of the normal group were no 
greater than the variations noted in the series of twenty records on the same 
subject employing the conventional technique alone (compare Table IVA with 
Tables I and II); (3) there was actually greater uniformity in the series of 
twenty electrocardiograms obtained on the same subject by the belt technique 
than by the conventional selective placement of the chest electrode (Table IVB). 


Fig. 5B.—(For legend see Fig. 5A.) 


These observations indicate that most of the differences between the tracings 
obtained by the two techniques were probably of physiologic rather than tech- 
nical origin. Variations in the height of the diaphragm, with resultant altera- 
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Figs. 6A and 6B.—Patient L. G., whose limb lead electrocardiograms exhibited right bundle 
branch block. 
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tions in the position of the heart in relation to the overlying electrodes, prob- 
ably explain many of the differences noted. Moreover, the belt technique seemed 
to permit more uniform reproduction of serial precordial electrocardiograms in 


the same subject from day to day. 


Fig. 6B.—(For legend see Fig. 6A.) 


II. Cardiac Cases——A small number of exploratory observations were car- 
ried out in patients with heart disease and abnormal electrocardiograms in order 
to observe again how closely the tracings obtained by the two techniques re- 
sembled each other. The cases selected were examples of those that exhibit 
gross and characteristic abnormalities of the QRS complex, RS-T segment, and 
T waves; they included examples. of right and left bundle branch block, left 
ventricular hypertrophy and strain, and acute myocardial infarction. The re- 
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sults are best presented by the actual electrocardiograms obtained by each tech- 
nique (Figs. 6 to 10). 

As in the study of normal subjects, so in these pathologic cases, the differ- 
ences in the tracings resulting from the two techniques were minor and, in our 
opinion, clinically insignificant. 


CL 


Fig. 7A. 


Figs. 7A and 7B.—Patient T. C., whose limb lead electrocardiograms exhibited left bundle 
branch block. 
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COMMENT 


Six-positional precordial electrocardiograms can be recorded more easily 
and efficiently by the application to the thorax of an elastic belt carrying six 
electrodes than by the selective anatomic placement of the chest electrodes for 
each of the six officially designated precordial positions. Moreover, there is 
evidence that the precordial belt technique permits fully as good, or better, 
duplication of results in repetitive examinations than does the conventional 
technique. 


Fig. 7B.—(For legend see Fig. 7A.) 
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Fig. 8A.—(For legend see Fig. 8B.) 
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Figs. 8A and 8B.—Patient M. M., whole limb lead electrocardiograms exhibited the pattern of 
left ventricular hypertrophy and strain. 
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Fig. 9A. 


Figs. 9A and 9B.—Patient S. W., with acute myocardial infarction, anterior-apical location. 
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Fig. 9B.—(For legend see Fig. 9A.) 
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In applying the eleetrode belt the technician need find only two easily 
identified anatomie landmarks (Positions 1 and 6). With the conventional 
technique it is necessary to identify in addition the other four electrode positions 
ineluding the important and elusive Position 4, in relation to which Positions 3, 5, 
and 6 are located. Position 4 is officially defined ' as the outer border of the apex 


Fig. 10A. 


Figs. 104 and 10B.—Patient S. B., with acute myocardial infarction, posterior-basal location. 


beat (often undeterminable, especially in chests of emphysematous or obese 
subjects), oreas the point of junction of the fifth intercostal space and the left 
midelavicular line (not readily determinable with accuracy). The imputed im- 
portance of Position 4 in itself and as a reference point for several other posi- 


OR | CL. CF CV 
| 


GEIGER AND GOERNER: MULTIPLE PRECORDIAL ELECTROCARDIOGRA MS 187 


tions, and the improbability that most technicians can reliably identify it, are 
eogent theoretical objections to the conventional procedure. 

One may even question the logic of attempting to place the precordial 
electrodes in fixed positional relationships to the heart. For example, in the 
electrocardiographic study of cardiae enlargement and displacement, and in 
the differentiation of right and left bundle branch block by precordial lead ex- 


CR CV 


Fig. 10B.—(For legend see Fig. 10A.) 


ploration, it would seem that anatomic variations in the'total heart mass (and 
in the right and left ventricular components) would be more reliably revealed 
by adhering to relatively fixed positions of the electrodes on the chest wall. 
The further discussion of this point is not particularly relevant to the present 
study and will be the subject of a later report. 

Inasmueh as another, though minor, purpose of the precordial belt techi- 
nique was to shorten the time required to record multiple precordial lead electro- 
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cardiograms, the two techniques were timed during recordings of the CF,_, series. 
With the aid of the precordial belt, the recording was accomplished in approx- 
imately two-thirds of the time required for the conventional procedure. 

It is hoped that the advantages of the technique described will encourage 
freer and wider routine recording of multiple precordial electrocardiograms, and 
that through such greater experience the knowledge and clinical value of this 
important aspect of electrocardiography will develop more rapidly and along 
more uniform lines. 

SUMMARY 


1. A simple, rapid, and clinically valid technique is described for recording 
multiple precordial lead electrocardiograms. 

2. The technique employs an elastic belt carrying six precordial electrodes; 
for the placement of these only the first and sixth precordial positions need 
be defined. 

3. With this procedure the precordial electrode placements are distributed 
equidistantly over the precordium. Certain theoretical advantages of such place- 
ments that are in fixed relation to the thorax, rather than to the heart, are dis- 
cussed briefly. 
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INFLUENCE OF VARIATIONS IN ATMOSPHERIC TEMPERATURE 
AND HUMIDITY ON THE RATES OF WATER AND HEAT 
LOSS FROM THE RESPIRATORY TRACT OF PATIENTS 
WITH CONGESTIVE HEART FAILURE LIVING 
IN A SUBTROPICAL CLIMATE 


G. E. Burcu, M.D.* 
New La. 


TUDIES of the rates of water and heat loss from the respiratory tract of 

patients with congestive heart failure were reported previously.' These 
observations were limited entirely to comfortable atmospheric conditions. Since 
man finds himself, both during health and disease, in atmospheric conditions 
of great variations, it was considered of interest to know how certain variations 
in atmospheric temperature and humidity influence the rates of water and heat 
loss from the respiratory tract of patients suffering with congestive heart failure. 
This is of particular importance when it is realized that extreme variations in 
environmental conditions will precipitate congestive heart failure.’:* It was 
noted in these two studies that a hot and humid environment would precipitate 
an acute attack of cardiac asthma associated with apprehension and panic. A 
knowledge of the effects of such an environment on the rates of water and heat 
loss would aid in understanding the influences of a hot and warm atmosphere 
upon the management of congestive heart failure. 


METHODS AND MATERIALS 


The methods employed for the measurement of the rates of water and heat 
loss have been deseribed.”* The subjects consisted of thirteen patients with 
moderate Functional Class IV‘ congestive heart failure of both right and left 
ventricular types. These patients were all bedridden and under essentially the 
same standard form of treatment for their uncomplicated heart failure. They 
were transported from their hospital bed to the laboratory for study. They 
rested in the laboratory at least thirty minutes before any observations were 
commenced and remained comfortably seated in a chair throughout the study. 
They were clothed in an ordinary type of cotton hospital gown and covered with 
a cotton sheet from the waist down. 

The patients were first studied in a cool foygy atmosphere: the mean tem- 
perature was 13.9° C. (extremes, 10.5 and 16.1) and the mean relative humidity 
was 94 ner cent (extremes, 89 and 100). The room conditions were then changed 
to make it comfortable: the mean temperature was raised to 20.3° C. (extremes, 


19.7 and 21.1) and relative humidity was lowered to 58 per cent (extremes, 54 
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and 67). The room conditions were then changed to make it warm, with a mean 
temperature of 35.7° C. (extremes, 35 and 36.6) and a relative humidity of 56 
per cent (extremes, 50 and 65). The temperature of the room was made slightly 
warmer: the mean temperature was 38.4° C.' (extremes, 37.7 and 38.9) and 
relative humidity was 49.2 per cent (extremes, 41 and 56). Higher room 
temperatures could not be employed as they resulted in marked discomfort with 
apprehension, increase in dyspnea, and, at times, even acute cardiac asthma. 
Measurements of the rates for water and heat loss were repeated for all four 
atmospheric conditions in succession in most of the subjects. Measurements were 
cheeked on another day, usually the next. 


Temperature of expired air 
= Relative humidity of expired air 
90 
N 
1 
45-85 | 
4O- 80} ~ 
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Fig. 1.—The temperature and relative humidity of the expired air of normal subjects and 
patients with right and left ventricular congestive heart failure (Functional Class IV). The 
subjects rested, sitting quietly in a comfortable, and a cold and foggy room atmosphere. The 
mean values are shown within the columns and the extremes are shown within the paren- 
thesis above the’ colunms. 


RESULTS 


The results are summarized in detail in Tables I, II, II], and IV, and Figs. 
1, 2, and 3. Fig. 2 should be consulted for comparison with normal values re- 
ported elsewhere.' The statistical constants are shown in the tables. 

Temperature of the Expired Air.—Relative Humidity of the Expired Air: 
The mean relative humidity of the expired air when the room atmosphere was 
cool and foggy was 82 per cent (extremes, 68 and 91). The values changed to 
84.5 per cent (extremes, 74 and 96) when the room was made comfortable. 
Upon inereasing the room temperature to 35.7° C. the relative humidity of the 
expired air was 89 per cent (extremes, 84 and 93). When the room atmosphere 
was made slightly drier and warmer the relative humidity of the air expired be- 
came 85 per cent (extremes, 77 and 91). Consult Tables I through TV for de- 
tails. 
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Rate of Water Loss From the Respiratory Tract—The mean rate of water 
loss was 0.961 Gm. per square meter of body area per ten minutes (extremes, 
0.5839 and 1.3255) when the room environment was cool and foggy. When the 
room atmosphere was comfortable, the mean rate was 0.931 (extremes, 0.497 
and 1.482). Upon inereasing the room temperature to make the environment 
warm (35.7° C.) the mean rate of loss was 0.952 (extremes, 0.660 and 1.208). 
When the room atmosphere was made slightly warmer and drier the rate became 
0.798 (extremes, 0.456 and 0.973). 


, Figs. 2A and 2B.—The relationships of the rates of water and heat losses from the re- 
spiratory tract in patients with right and left ventricular congestive heart failure (Functional 
Class IV) under various environmental conditions. All patients rested sitting quietly. In order 
to use a common ordinate, the true values (V) were recorded as multiples of ten. The actual 
values are indicated with the means within the columns and the ranges in parentheses above 
the columns. The figure was broken into parts 4 and B for convenience. All measurements 
were made simultaneously for each subject at each condition of the room air. 


Rate of Irrigation of the Respiratory Tract With Air.—The mean rate of 
irrigation of the respiratory tract with air was 46.860 liters per square meter 
of body area per ten minutes (extremes, 31.431 and 64.043) when the environ- 
ment was cool and foggy. When the room conditions were made comfortable, 
the mean rate became 44.833 (extremes, 25.381 and 70.259). Upon raising the 
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room temperature to 35.7° C., the mean rate was 51.991 (extremes, 41.993 and 
60.052). In a slightly warmer and drier atmosphere, the mean value was 49.588 
(extremes, 28.003 and 59.295). 

There was a high positive correlation between the rate of irrigation of the 
respiratory tract with air and the rate of water loss (Fig. 3). This was true 
for all four environmental conditions and is in keeping with similar findings 
for comfortable environments in normal subjects and patients with congestive 
heart failure. 2 From Fig. 3, it is noted that the correlation tends to be slightly 
lower under conditions of the warm environment. 
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Fig. 2B.—(For legend see Fig. 2A.) 


Rates of Heat Loss From the Respiratory Tract.— 

1. Rate of Heat Loss From the Vaporization of Water, hz: When the room 
environment was cool and foggy, the mean rate of heat loss by vaporization of 
water (hg) was 0.553 ealorie per square meter of body area per ten minutes 
(extremes, 0.335 and 0.762). This represented 6.54 per cent of the total body 
heat loss or 49.8 per cent of the total heat loss from the respiratory tract. The 
mean rate of heat loss from the vaporization of water was 0.539 calorie per 
square meter of body area per ten minutes (extremes, 0.286 and 0.868) when 
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the room atmosphere was comfortable. This represented about 6.48 per cent 
of the total loss of body heat or 62.7 per cent of the total heat lost from the 
respiratory tract. 

When the room temperature was increased and the room was made warm 
(35.7° C.) the mean rate of heat loss (hy) was 0.552 calorie per square meter 
of body area per ten minutes (extremes, 0.380 and 0.708). This represented 
6.64 per cent of the total heat lost from the body or 64.3 per cent of the total 
heat lost from the respiratory tract. Upon making the room slightly warmer 
and drier the mean rate became 0.461 calorie (extremes, 0.262 and 0.560). This 
represented 5.39 per cent of the total heat loss or 62.3 per cent of the total heat 


lost from the respiratory tract. 
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_ Fig. 3.—A spot graph to illustrate the high correlation of the rate of irrigation of the 
respiratory tract. with air and the rate of water loss from the respiratory tract. The patients 
with right and left ventricular congestive heart failure (Functional Class IV) rested sitting 
quietly. The correlation was greater at the cold and comfortable environmental atmospheric 


conditions than at the warm ones. 


2. Rate of Heat Loss From the Decomposition of Carbonic Acid and the 
Exeretion of Carbon Dioxide, hco.: The mean rate of heat loss from the ex- 
piration of carbon dioxide, heo,, was 0.304 calorie per square meter of body 
area per ten minutes (extremes, 0.264 and 0.370) when the environment was 
cool and foggy. This represented 3.61 per cent of the total body heat loss or 
27.4 per cent of the total loss from the respiratory tract. When the room at- 
mosphere was made comfortable, the mean rate of heat loss (hcgo,) was 0.293 
ealorie (extremes, 0.225 and 0.387). This represented 3.58 per cent of the total 
loss of body heat or 31.9 per cent of total heat loss from the respiratory tract. 

When the room temperature was increased to produce « warm atmosphere 
(35.7° C.), the mean rate was 0.302 calorie (extremes, 0.247 and 0.387). This 
represented 3.63 per cent of the total heat lost from the body or 36.2 per cent 
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of the total heat lost from the respiratory tract. When the room environment 
was made slightly warmer and drier, the mean rate of heat loss was 0.315 calorie 
(extremes, 0.272 and 0.361). This represented 3.69 per cent of the total heat 
lost from the body or 42.6 per cent of the total lost from the respiratory tract. 


3. Rate of Heat Loss by Convection, Warming Inspired Air, he. When 
the room environment was made cool and foggy the mean rate of heat loss by 
warming inspired air, h., was 0.254 ealorie per square meter of surface area 
per ten minutes (extremes, 0.150 and 0.361). This represented 2.99 per cent 
of the total heat lost from the body or 22.9 per cent of the total lost from the 
respiratory tract. When the room atmosphere was made comfortable, the mean 
rate was 0.162 calorie (extremes, 0.091 and 0.248). This represented 1.95 per 
cent of the total heat lost from the body or 17.6 per cent of the total heat lost 
from the respiratory tract. 

When the room atmosphere was made warm (35.7° C.) there was a slight 
mean gain in heat, by expiring cooler air, of 0.008 calorie per square meter of 
body area per ten minutes (extremes, —0.018 and + 0.060). This represented 
0.002 per cent of the total heat lost from the body or 0.2 per cent of the total 
loss from the respiratory tract. When the room atmosphere was made slightly 
warmer and drier there was a mean gain of 0.036 calorie (extremes, +0.019 and 
:0.051). This represented 0.004 per cent of the total heat lost from the body 
or 0.5 per cent of the total lost from the respiratory tract. 

4. The Rate of Total Heat Loss From the Respiratory Tract, H: In the 
cool and foggy environment, the mean rate of total heat loss from the respira- 
tory tract, H, was 1.111 calories per square meter of body surface per ten min- 
utes (extremes 0.760 and 1.166). This represented 13.2 per cent of the total heat 
lost from the body. When the room conditions were made comfortable the mean 
rate was 0.918 calorie (extremes, 0.631 and 1.503) or 11.2 per cent of the total 
rate of heat lost from the body. Upon making the room atmosphere warm 
(35.7° C.) the mean rate became 0.858 calorie (extremes, 0.645 and 1.010) or 
10.3 per cent of the total body heat loss. When the room air was made slightly 
warmer and drier the mean rate became 0.740 calorie (extremes, 0.515 and 0.835) 
or 8.7 per cent of the total body heat loss. 

5. The Rate of Total Loss of Body Heat: The mean rate of total body 
heat loss in the cool and foggy environment was 8.43 calories per square meter 
of surface area per ten minutes (extremes 7.28 and 10.18). When the environ- 
ment was comfortable the rate was 8.20 calories (extremes, 6.56 and 10.50). 
Upon making the room air warm (35.7° C.) the rate of total body heat loss 
was 8.34 calories (extremes, 6.75 and 10.50). The value became 8.52 calories 
(extremes, 7.51 and 9.53) in a slightly warmer and drier atmosphere. 

General Reactions—All patients did not enjoy the comfortable environ- 
mental conditions. Most of them found the cool and foggy atmosphere uncom- 
fortably cool and would not like to remain under such conditions too long.. In 
some instances, the patients insisted on covering themselves with woolen blankets. 
The patients did not object to the warm environments, and some of the Negro 
patients even preferred them. They all admitted that the temperature was too 
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TaBLE I. THE RATES OF WATER AND HEAT LOSSES FROM THE RESPIRATORY TRACT oF Np ena 
CLass IV). Tue Sussects REsTep 
AIR 
ENVIRONMENTAL IRRIGATING CO, EXPIRED 
AIR LUNGS EXHALED AIR 
AGE D.B.t R.H.t | D.B. t 
i SUBJECT (YR.) | SEX | RACE} °C. % L./M.2/10* | L./M.2/10* 
1 31 M N 16.1 89 31.431 1.307 33.7 82 
i 2 27 F N 15.3 97 46.335 1.310 33.6 91 
4 3 44 F WwW 14.2 97 + 44,232 1.266 33.6 79 
; 4 53 F N 15.5 89 30.370 1.398 33.6 86 
5 41 F N 14.4 94 46.277 1,502 33.9 88 
: 6 49 M W 13.3 94 64.043 1.764 33.6 68? 
E 7 66 F N 12.2 100 56.752 1.751 34.1 83 
8 35 M N 10.5 90 42.474 1,256 32.5 78 
9 56 M N 13.3 100 59.853 1.484 32.7 7 
| Mean 13.9 94 46.860 1.448 33.5 82 
ij Standard 11.668+ 0.112+ 0.4+ 6.8: 
deviation 2.750 0.026 0.09 0.16 
iy Coefficient of 24.9+ 7.73 1.19+ 8.24 
variation 5.87% 1.82% 0.28% 1,94 
Range 10.5 89 31.431 1.256 32.5 68 
16.1 100 64.043 1.764 34.1 91 
*These units are measured in square meters per ten minutes. 
+D.B. = Dry bulb. 
tR.H. = Relative humidity. 
PATIENTS 
TaBLe Il. THE Rates oF WATER AND HeaT Losses FRoM THE RESPIRATORY TRACT OF 
Ciass IV). THE SuBJECTS RESTED SITTIN 
| | ENVIRONMENTAL | AIR IRRIGAT- co, EXPIRED WATER WATE) 
AIR ING LUNGS | EXHALED AIR Loss_ 
AGE | | | | | | @M./M.2/ 
SUBJECT (YR.) | SEX |RACE| D.B.t R.H.¢ | L./M.2/10* | L./M.2/10* D.B. t R.H.t 10* 
1 31 M N 211 55 35.112 1.072 34.0 82 0.6575 o.699 
2 27 F ON _ 200 67 48.909 1.437 34.1 96 1.2034 BH 0.460 
3 44 F WW 203 63 44.232 1.446 33.7 79 0.8000 BH 9.504 
19.7 57 47.897 1.446 33.6 86 0.8773 9.319 
4 53 F 20.5 57 25.381 1.075 33.6 83 0.5421 0.286 
20.3 57 26.350 1.294 33.6 77 0.4972 B 9.543 
5 41 F N_ 211 64 44.333 1.502 33.9 88 0.9442 Be 9554 
6 49 M W 19.7 59 53.972 1.579 33.9 74 0.9638 0.391 
8 33 M N _ 20.0 57 35.619 1.256 33.6 81 0.6801 fF 0.707 
10 67 M N __ 20.0 54 55.908 1.464 33.1 82 1.2063 #064) 
11 52 M N_ 203 56 44.204 1.442 33.6 91 1.0940 B o.g68 
12 54 M N _ 20.0 55 70.259 1.844 32.9 87 1.4817 | 0.539 
Mean 20.3 58 44.883 1.398 33.5 84.5 0.9306 0.286 
Range 19.7 54 25.381 1.072 32.5 74 0.4972 0.868 
21.1 67 70.259 1.844 34.1 96 1.4917 | 0.174: 
Standard 12.42+ 0.19+ 0.49+ 6.54 0.354 0.034 
deviation 2.44 0.04 0.10 1.3 0.07 32.3+ 
Coefficient 27.6+ 13.64 1.46+ 37.4 6.3% 
of variation 5.4% 2.7% 0.28% 15% 104% 5 


: *These units are measured in square meters per ten minutes. 
*D.B. = Dry bulb. 
tR.H. — Relative humidity. 


IN A COLD AND Foacy Room ATMOSPHERE 


TIENTS WITH RIGHT AND LEFT VENTRICULAR CONGESTIVE HEART FAILURE (FUNCTIONAL 
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RATE OF HEAT LOSS 
WATER TOTAL LOSS FROM TOTAL 
LOSS WATER VAPORIZED | LIBERATION OF CO, WARMING AIR LUNGS HEAT LOSS 
M./M.2/ | CAL./M.2/ % CAL. /M.2/ % CAL. /M.2/ % CAL./M.2/ % CAL./M.2/ 
10* 10* TOTAL 10* TOTAL 10* TOTAL 10* TOTAL 10* 
0.5829 0.335 4.41 0.274 3.61 0.151 1.99 0.760 10.00 7.59 
1,0692 0.615 8.01 0.275 3.58 0.232 3.02 1,122 14.61 7.68 
0.8910 0.512 6.81 0.266 3.54 0.235 3.13 1.013 13.47 7.52 
0.6676 0.384 4.78 0.294 3.66 0.150 1.87 0.828 10.31 8.03 
1.0504 0.604 6.97 0.315 3.63 0.247 2.85 1.166 13.45 8.67 
| 1.0397 0.598 5.87 0.370 3.63 0.361 3.55 1.329 13.06 10.18 
1.3245 0.762 7.52 0.368 3.63 0.340 3.36 1.470 14.51 10.13 
0.8837 0.508 6.98 0.264 3.63 0.255 3.50 1.027 14,11 7.28 
1.1437 0.658 7.49 0.312 3.55 0.317 3.61 1.287 14.66 8.78 
0.9614 0.553 6.54 0.304 3.61 0.254 2.99 Li 13.13 8.43 
0.3413+ 0.125+ 1.24+ 0.041+ 0.074+ 0.6734 0.226+ 1.65+ 1.14+ 
tH 0.057 0.029 0.29 0.009 0.010 0.017 0.159 0.053 0.38 0.27 
6 25.102 22.5864 19.02+ 13.164 29,13+ 22.51+ 20.34+ 12,.58+ 13.50+ 
“5.92% 5.324% 4.48% 1.31% 0.27% 6.18 5.31 4.79 2.97 3.18 
‘0.5829 0.335 4.41 0.264 3.54 0.150 1.87 0.760 10.00 7.28 
1.38245 0.762 8.01 0.370 3.66 0.361 3.61 1.166 14.61 10.18 
PATIENTS WITH RIGHT AND LEFT VENTRICULAR CONGESTIVE HEART FAILURE (FUNCTIONAL 
QuETLY IN A COMFORTABLE RooM ATMOSPHERE 
RATE OF HEAT LOSS 
TOTAL 
| TOTAL LOSS FROM BODY 
WATER VAPORIZED LIBERATION OF CO, WARMING AIR LUNGS HEAT LOSS 
CAL, /M.2/ % | CAL./M.2/ % ead % % CAL./M.2/ 
10* TOTAL 10* TOTAL 10* TOTAL 10* TOTAL | 10* 
0.378 5.40 0.225 3.21 0.124 5 tj 0.727 10.39 7.00 
0.692 8.41 0.302 3.67 0.188 2.28 1.182 14.36 8.23 
0.460 5.41 0.304 3.58 0.162 1,91 0.926 10.89 8.50 
0.504 6.09 _ 0.304 3.67 0.182 2.20 0.990 11.96 8.28 
0.312 4.76 0.228 3.48 0.091 1.39 0.631 9.62 6.56 
0.286 3.84 0.272 3.65 0.096 1.29 9.654 8.78 7.45 
_ 0,548 6.18 0.315 3.59 0.155 177 1.013 11.54 8.78 
0.554 5.89 0.332 3.53 0.201 2.23 1.096 11.66 9.40 
0.391 5.37 0.264 3.63 0.132 1.81 0.787 10.81 7.28 
0.707 8.29 0.307 3.60 0.200 2.34 1.214 14.23 8.53 
0.641 7.60 0.303 3.59 0.161 1.91 1.105 13.11 8.43 
0.868 8.27 0.387 3.69 0.248 2.36 1.503 14.31 10.50 
0.539 6.48 0.293 3.58 0.162 1.95 0.918 12.00 8.20 
0.286 3.84 0.225 3.21 0.091 1.29 0.631 8.7 6.56 
0.868 8.73 0.387 3.69 0.248 2.36 1.503 14.36 10.50 
0.174+ 1.60+ 0.042+ 0.12+ 0.033+ 0.344+ 0.21+ 2.2+ 0.99+ 
0.034 6.31 0.008 0.02 0.006 0.067 0.04 0.4 0.19 
32.3+ 24.7+ 14,34 3.0+ 20.34 21.23+ 22.8+ 18.5+ 11.94 
0.6% 3.9% 4 4.5% : 
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TABLE III. THe Rates or WATER AND Heat LOSSES FrRoM THE RESPIRATORY TRACT OF Eigur 
Cuass IV). THE PATIENTS RESTED Srrmy¢ 
| | EXVIRONAIENTAL AIR IRRIGAT- | co, AIR | WATER 
AIR INGLUNGS | EXHALED | EXPIRED | Loss WAT! 
AGE | lpB.t | | | DB.t | @M./M2/ 
SUBJECT (YR.) | SEX !RACE! ° Cc. % |1./M.2/10* | L./M.2/10* |. & 10* 10* 
1 31 M N - 35.0 65 41.993 1.176 36.6 84 0.6604 0.38 
2 27 F N_ 355 54 54.977 1.310 26.4 93 0.9432 0.54 
q 6 49 M W 36.6 61 60.052 1.671 34.6 88 0.8788 0.50: 
7 66 F N_ 86.1 56 58.066 1.400 36.9 89 1.1776 0.67 
8 35 M N 35.0 50 43.368 1.242 35.4 S7 0.9075 0.52: 
10 67 M N__— 35.6 50 59.661 1.488 35.0 90 1.2081 
11 52 M N_ 35.6 55 42.474 1.383 36.1 88 0.8113 
12 54M N 364 59 55.400 1.844 35.3 89 1.0289 
. Mean 35.7 56 51.991 1.459 35.8 89 0.9520 
‘Range 35.0 50 41.9938 L176 34.6 S4 0.6604 
36.6 65 60.052 1.844 36.9 93 1.2081 
Standard 7.9994 0.219+ 0.83+ 2.6+ 0.2694 
deviation 2.000 0.005 0.207 0.66 0.087 
Coefficient 15.39+ 15.222 2.31+ 2.94+ 28.264 
of variation 3.85% 3.8 l¢ 0.58% 0.73% 7.07% 


*These units are measured in square meters per ten minutes. 
= Dry bulb. 
th.H. — Relative humidity. 


TABLE IV. THE RATES OF WATER AND Heat Losses FrRoM THE RESPIRATORY TRACT OF FIVE §PATIEN 
Cuass IV). THE PATIENTS RESTED SITTING QUIETLY 


| | | AIR 

| ENVIRON MENTAL IRRIGATING Co )., AIR | WATER 

| AIR LUNGS EXHALED EXPIRED LOSS 
| AGE | |} | R.H.t D.B.t | GM./M.2/ 

SUBJECT | (YR.) | SEX 'RACE| ray % L/M.2/10* | L/M.2/10* | °a | & 10* 
3 44 ie 37.7 52 59.295 1.356 36.1 86 0.9733 

4 53 FE N 38.6 52 28.003 1.294 36.1 84 0.4560 

5 41 F N 38.6 56 57.937 1.719 36.1 91 0.8931 

56 M N 38.3 41 54.598 1.484 77 0.8230 
13 35 M N 58.9 45 48.107 1.636 35.0 88 0.8445 
Mean 38.4 49.2 49.588 1.498 35.8 85 (0.7980 
Range 37.7 41 28.003 1.294 35.0 77 0.4560 
38.9 56 59.295 1.719 36.1 91 0.0733 


*These units are measured in square meters per ten minutes. 
7D.B. = Dry bulb. 
tR.H. = Relative humidity. 


high for continuous comfort. They considered the 20.3° C. temperature of the 
comfortable atmosphere too low for continuous use. Definite chilling would have 
developed in several hours. A temperature of about 24° or 25° C. would have 
been more comfortable for continuous use when the relative humidity remained 
about 50 per cent. Two of the patients were placed in a room with a temperature 
of 115° C. and 49 per cent relative humidity. This resulted in extreme dis- 
comfort with dyspnea, restlessness, and irritability. They were not able to 
withstand the high temperature long enough for observations of heat and water 
loss. Because of this experience with two of the subjects, others were not 
subjected to such hot atmosphere. 
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ParieNTS WITH RiGHT AND Lerr VENTRICULAR CONGESTIVE HEART FALIURE (FUNCTIONAL 
\UIETLY IN A WARM ATMOSPHERE 


RATE OF HEAT LOSS 
| | | | TOTAL 
TOTAL LOSS FROM BODY 
WATER VAPORIZED | LIBERATION OF CO, | WARMING AIR LUNGS | HEAT LOSS 
CAL, /M.2/ % | caL./M.2/ | % CAL./M.2/ | % CAL./M.2/ | % | CAL./M.2/ 
10* TOTAL | 10* | TOTAL | 10* | TOTAL | 10* | TOTAL 10* 
0.380 5.63 0.247 3.66 0.018 0.27 0.645 9.56 6.75 
0.542 7.06 0.275 3.58 0.014 0.18 0.831 10.82 7.68 
0.505 5.19 0.351 3.61 +0.033 +0.34 0.856 8.78 9.73 
0.677 7.55 0.294 3.28 0.013 0.14 0.984 10.97 8.97 
0.522 7.27 0.261 3.64 0.005 0.06 0.788 10.97 7.18 
0.708 8.21 0.312 3.62 +0.010 +0.12 1.010 11.72 8.62 
0.475 6.49 0.290 3.96 +0.060 +0.08 0.771 10.53 7.32 
0.603 5.74 0.387 3.69 0.014 +0.13 0.976 9.30 10.50 
0.552 6.64 0.302 3.63 +0.008 +0.002 0.858 10.33 8.34 
0.380 5.19 0.247 3.28 0.018 —0.27 0.645 —8.78 6.75 
0.708 8.21 0.387 3.96 +0060 +0.34 1.010 11.72 10.50 
0.105 0.980+ 0.042+ 0.720+ 0,033+ 0.200+ 0.115+ 0.9774 1.258+ 
0.026 0.245 0.011 0.180 0.008 0.050 0.029 0.244 0.315 
19.02+ 14.76+ 13.904 19.834 412.504 100+ 13.40+ 4,584 15.08% 
4.76% 3.69% 3.48% 4.96%  103.13% 25% 3.35% 1.15% 3.77% 
PanENTS WITH RIGHT AND LEFT VENTRICULAR CONGESTIVE HEART FAILURE (FUNCTIONAL 
NA FAIRLY WARM ROOM ATMOSPHERE 
RATE OF HEAT LOSS 
| | | | TOTAL 
| TOTAL LOSS FROM | HEAT 
WATER VAPORIZED | LIBERATION OF CO, | WARMING AIR LUNGS LOSS 
CAL./M.2/ % | CAL./M.2/ | % | CAL./M.2/ | % | CAL./M.2/ | % CAL./M.2/ 
10* TOTAL | 10% | TOTAL | | TOTAL | 10* |} TOTAL | 10* 
0.560 7.14 0.285 3.64 +0.026 40.55 0.819 10.45 7.84 
0.262 3.49 0.272 3.62 +0.019 +0.25 0.515 6.86 7.51 
0.514 5.39 0.361 3.79 +0.040 +0.41 0.835 8.76 9.53 
0.473 5.39 0.312 3.55 +0,042 +0.48 0.743 8.46 8.78 
0.495 5.02 0.344 3.84 +0.051 +0.60 0.788 8.79 8.96 
0.461 5.39 0.315 3.69 +0.036 +0.41 0.740 8.66 8.52 
0,262 3.49 0.272 3.50 +0.019 +0.0025 0.515 6.86 7.51 
0.560 7.14 0.361 3.84 +0.051 +0.0060 0.835 10.45 9.53 
DISCUSSION 


ig. 2 illustrates: graphically the relationships of the rates of water and 
heat loss from the respiratory tract in normal subjects and patients suffering 
with congestive heart failure. The environmental conditions were cool and 
foggy, comfortable, and warm. ‘It is noted that the rates of both water and heat 
loss tended to be slightly higher in the patients with heart failure. Detailed 
comparisons could not be made with the normal subjects for the warm at- 
mosphere since the latter were studied mainly at higher atmospheric tempera- 
tures. The relationships were essentially the same, however, as for the lower tem- 
peratures in the few instances where comparisons were possible. These findings 


200 AMERICAN HEART JOURNAL 


are in keeping with results found for other normal subjects and patients with 
heart failure resting in a comfortable environment.* 

It is also evident from Fig. 2 that a warm environment stimulates the rate 
of irrigation of the respiratory tract with air. This stimulation is not the result 
of an increased demand for oxygen to meet metabolic requirements, for the rate 
of oxygen consumption did not rise under warm environmental conditions. 
The precise mechanism by which warm environmental air stimulates respiration 
is unknown. It is possible that there is a psychic element since a hot atmosphere 
(115° to 120° F.) resulted in marked apprehension and a sense of suffocation. 


It was noted in a previous report’ that the presence of free fluid in the lungs 
due to the heart failure did not increase the rate of water loss from the lungs. 
The greater rate of water loss encountered in the patients with heart failure was 
due to the dyspnea and more rapid irrigation of the respiratory tract with air. 
Reasons for the failure of greater water loss in the presence of free fluid in 
the lungs were discussed in the previous report.' 


Although the cool foggy atmosphere was uncomfortable, it did not result 
in any differences in the rates of water and heat loss from that observed in a 
comfortable environment. The warm environment did result in a slight change 
in the rates, especially the rate of ventilation of the lungs. This increase over 
the normal indicated a detrimental influence on the respiratory tract in the 
presence of congestive heart failure. When the room air was made hot and 
humid (120°. F. and 49 per cent relative humidity) the patients were not able 
to remain in the hot atmosphere long enough to complete an observation, because 
of marked dyspnea and even acute cardiac asthma. The normal subjects were 
able to remain under such hot and humid environmental conditions for prolonged 
periods of study without showing respiratory and circulatory embarrassment. 

These studies, as well as those previously reported,' indicate the need for 
ensuring a comfortable environment for patients with congestive heart failure. 
Although a cool and foggy environment does not exert so great a stimulatory 
influence on the respiratory tract as a warm or hot and moist environment, pa- 
tients who must lead a quite existence cannot rest when they are uncomfortably 
cool. This indicates the need for greater use of air conditioning of hospital 
wards and rooms of cardiac patients. Likewise, this suggests the value of living 
in a comfortable balmy climate instead of a cold or hot one while under treatment 
for congestive heart failure. Patients with anginal failure were not included in 
these studies. 

SUMMARY 


Patients with congestive heart failure, Functional Class IV, moderately 
severe, were studied to learn the influence of variations in the environmental 
temperature and humidity upon the rates of water and heat loss from the respira- 
tory tract. It was found that these rates were essentially the same for cool 
and foggy, and comfortable environments. The patients with congestive heart 
failure did not differ significantly from the normal under those atmospheric con- 
ditions. In a warm environment, the rate of irrigation of the respiratory tract 
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with air was definitely increased; an increase out of proportion of the demands 
for oxygen. There was also a tendency for a slight increase in the rate of water 
and heat loss from the respiratory tract. 

The patients were unable to stand the very hot and humid atmospheres. 
Two reacted rather dramatically with dyspnea, apprehension, and even acute 
cardiac asthma. Because of these reactions, observations could not be satisfac- 
torily conducted. 

These studies indicate a greater need for ensuring a comfortable and balmy 
environment or climate. These patients must be kept quiet physically and there- 
fore are likely to be uncomfortable in a cool climate. A very hot climate or at- 
mosphere is detrimental. There is a need for greater use of air conditioning 
to ensure atmospheric comfort, especially in hospital rooms and wards where 
cardiac patients are under treatment. 


The author wishes to express an extreme appreciation to Mr. G. Morgavi for his keen 
interest and important technical assistance in these studies. 
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THE EFFECT OF MEALS ON THE ELECTROCARDIOGRAM IN 
NORMAL SUBJECTS 


ErNst Stmmonson, M.D., Howarp ALEXANDER, PH.D., 
Austin HENSCHEL, PH.D., AND ANCEL Keys, PH.D. 
MINNEAPOLIS, MINN. 


NY method as widely used in clinical medicine and applied physiology as the 
A electrocardiogram should be carefully standardized. This means that all 
conditions and factors which might affeet the electrocardiogram should be reeog- 
nized and considered. In view of the known influence of meals on most cireula- 
tory functions, it is surprising that no experimental study on the influence of 
meals on the electrocardiogram has been reported except a preliminary com- 
munication by Gardberg and Olsen.t They investigated nine normal young 
adults before and thirty minutes after an ‘‘ordinary mixed meal.’’ Apparently 
only one experiment was made on each subject. Seven showed a decrease of the 
T wave in Lead I or ITI, or in all three standard leads. There was no correlation 
with the heart rate and no sufficient axis change to explain the change of the 
T wave. In ‘‘several other subjects’’ it was found that the T-wave changes per- 
sisted for two or two and one-half hours. 

The authors regarded their material as insufficient to arrive at final con- 
clusions. In this Laboratory, several electrocardiographic studies are in progress 
concerning the effect of various nutritional states and physiologic stresses. For 
this reason, we were interested in the standardization of the conditions under 
which the electrocardiogram is taken. We thought that a special study of the 
influence of meals on the electrocardiogram would be necessary for the research 
program here and might have valuable clinical applications, since many eardiae 
patients complain of distress after meals. 

In order to arrive at an exact prediction of normal limits of electrocardio- 
graphie changes after food intake, the results were treated mathematically using 
the usual t-test as well as a new procedure based on the analysis of variance.” 


METHOD 


The basie series consists of 72 experiments on 12 normal subjects* with the 
three standard leads taken immediately before and thirty minutes after the meal. 
The electroeardiograms before the meal were taken four to five hours after a 


om From the Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis, 
Minn. 

The work described in this paper was done, in part, under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Regents of the University of Minnesota. Important assistance was provided by 
the Sugar Research Foundation, Inc., and the National Dairy Council, Chicago, acting on be- 
half of the American Dairy Association. 

Received for publication Dec. 17, 1945. 

*All subjects were volunteers assigned to this Laboratory for Civilian Public Service by 
the Selective Service System. 
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light breakfast. The subjects were young men from 19 to 32 years of age. 
During the period of the experiments and for about six months prior to this 
series, they were living in this Laboratory under controlled conditions of activity, 
rest, and nutrition. During this period they were frequently examined with 
clinical and physiologic methods; no evidence of disease was found in any of 
our subjects. This was true also for one of our subjects with a borderline left 
axis deviation. 

The test meals varied in composition in the following way: weight, 200 to 
269 grams; total calories, 942 to 1,548; carbohydrate calories, 41 to 61 per cent; 
protein calories, 9.2 to 14.2 per cent; fat calories, 29 to 43 per cent. In another 
series (II) of 24 experiments on the same 12 subjects, the fat calories of the 
meals were increased to 82.6 per cent, with a corresponding decrease of carbo- 
hydrates to 14.3 and protein to 3.1 per cent, with a total caloric content of 
1,437 calories. In a final series (III) of 24 experiments on 8 subjects, three chest 
leads (CF), CF2, and CF,) were taken in addition to the standard leads ; further- 
more, the electrocardiograms were taken thirty as well as sixty minutes after the 
meal. In this series, the same mixed meals were given as in Series I1.* The 
place where the chest leads were taken before the meal was marked with a colored 
pencil in order to provide accurate reproducibility in the subsequent tracings. 

In all three series, the heart sounds were recorded simultaneously with the 
electrocardiogram during arrested respiration. The following intervals were 
measured: duration of P wave, duration of the P-R interval, QRS interval, Q-T 
interval, and duration of the mechanical systole, defined as the interval between 
the start of the major oscillations of the first heart sound and the beginning of 
the second heart sound. Both Q-T interval (electrical systole) and mechanical 
systole were averaged from five beats, usually in Lead II. The constant K was 
calculated both for Q-T (Kgr) and mechanical systole duration (Kg,s¢), using 


__ Q-T or syst. 
the formula K 


beats; in addition, fhe shortest and longest R-R intervals of the whole record 
were measured. Their difference was used as a criterion of arrhythmia. The 
amplitudes of the P wave, the QRS complex, and the T wave were measured 
in all leads. The QRS axis and the T axis were calculated, using Dieuaide’s 
procedure. Since there was no significant change of the QRS axis, the usual 
clinical method for estimation of the over-all magnitude of the QRS complex 
as the sum of the amplitudes in Leads I, II, and IIT appeared to be sufficient 
instead of calculation of the hypothetical manifest potential. In Tables I, II, 
III, and IV the symbol Sgrs will be used to express this value. A similar 
procedure was used for the T waves (2'y). 

Statistical Methods.—For the purpose of testing the statistical significance 
of the effect of a meal, the t-test (Fisher,* Goulden‘) was used in all three 
series. For the data of Series I, consisting of six trials on each of 12 subjects, 
a more detailed analysis was possible. The values of the difference, d = value 


The average heart rate was caleulated from ten 


*The meals in all three series were always ordinary warm lunches, but none of the food 
items was hot nor were strong spices or seasonings employed. Two glasses of liquids were 
supplied with each meal, a glass of cold water (from the tap) and a glass of cold milk (from 
an ordinary kitchen refrigerator). Neither coffee nor tea was provided. 
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after meal minus value before meal, were tabulated in two-way tables (trials 
versus individuals), and the usual methods of analysis of variance (Fisher, 
Goulden) were applied in order to break down the total variation into its com- 
ponents as shown in the following: 


SOURCE OF VARIATION MEAN SQUARE DEGREES OF FREEDOM 
Effect of the meal Vou 1 
Individuals Vi 11 
Trials Vi 5 
Interaction of residual Vit mus 

72 


The term V,, is not usually included in such a breakdown, since it is merely 


equivalent to 72 d?, where d is the mean value of d. If we combine the last three 
items (Vi, Vi, and Vit) we obtain the ‘‘total’’ mean square, V; with 71 devrees 
of freedom (df). The t-test referred to earlier is equivalent to the F-test: 
F = V,,/V:, which is simply the square of the value of ¢. But these equivalent 
tests are not valid unless it has been shown that only a single source of variation 
is present, that is, when neither F = V;:/Vie nor F = V;/Vit is significant. As 
this is virtually never the case with such data as those at hand, a more suitable 
test must be used. 

The validity of the test which was developed rests upon a basic assumption. 
We assume that the difference d for individual h on trial k (which may be desig- 
nated d,x) ean be expressed as the sum of four components due, respectively, to 
the effect of a meal, to the variation between individuals, to trials, and to inter- 
action: dy, = M + Ip + Tx + Rux; and that each of the terms on the right is 
normally distributed, with population variances om, o;*, o¢*, and oi*. If we 
denote by s,,”, and unbiased estimates® derived from the sample of the 
corresponding population variances, then we have the equations: 


Vas = 6s;? + 12 + Sq? 
6s,? + Sit? 
Vi 12 > Siz? 
Ve = Sit? 


These equations may be solved for and sj”. 
Wilson® has suggested two tests, designated F’ and F”’, to replace the F-test 
in the present situation. F’ and F” are defined by: 


KF’ VY’ m/ Vi, = Vin Vi + Vit = 72 + 6 + Sit? ; 
F” m = Va — Vi + Vit = 72 Sq? + 12 &? + 8y?. 


These are the tests that have been used on the present data. F’ is a test of 
whether the total variability is attributable to the joint action of individual and 
residual variability, and F” is a test of whether the total variability is attributa- 
ble to the joint action of trial and residual variability. These tests will be 
further discussed by Alexander in a separate communication.” 
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RESULTS 

The various functions of the electrocardiogram did not respond in the 
same way toa meal. From the standpoint of statistical evaluation, the functions 
may be subdivided into four groups. 

Group A.—This group consists of comparatively stable functions which 
show only minor changes, hardly exceeding the technical error of measurement. 
These functions are: duration of P, P-R interval, QRS interval, Q wave and 
S-T segment. No tables are given for these functions. 

Group B.—This group consists of functions with fairly frequent but not 
statistically significant changes. This group includes P amplitude in Lead II, 
QRS axis, range of heart rate, and K,,;.. The mean values are given in Table I, 
and the values of ¢, F’ and F” are given in Table II. Neither the t-test, nor 
the F” and F” tests are significant for these functions. 


TABLE II. STATISTICAL SIGNIFICANCE OF ELECTROCARDIOGRAPHIO CHANGES AFTER THE MEAL 


TEST | F=Vp/Ve | = | | GROUP 
Significance: 
for 5% level 3.98 4.84 6.61 
for 1% level 7.00 9.65 16.26 
Electrocardiographie functions: 
Range of heart rate 0.14 1.139 1.606 B (not signifi- 
0.57 0.906 0.737 cant) 
P wave, Lead II 1.92 0.431 0.256 
QRS axis 0.002 0.142 4.924 
R, Lead IT 9.94 7.998 2.595 C (significant 
= QRS 10.79 7.760 1.991 with F test) 
T axis 14.06 3.816 51.608 
Average heart rate 176.79 54.120 115.570 D (significant 
Systole duration 88.75 43.246 150.136 with all tests) 
QT interval - 67.59 20.357 79.684 
25.631 15.367 17.442 
T, Lead I 98.83 44.75 50.093 
T, Lead II 199.94 , 73.798 72.178 
2T 181.65 57.940 66.280 
log = T 161.74 126.30 35.03 


Group C.—This group consists of functions with consistent changes, sig- 
nificant according to the f-test but not according to the more refined F’ and 
F” tests. In this group we find the T axis, and the QRS and R-wave amplitude 
in Lead II. The mean values of these functions are given in Table I, and the 
tests of significance are given in Table IT. 

Group D.—This group consists of functions whose changes are highly sig- 
nificant according to the t-test and also according to the F’ and F” tests. In 
this group are average heart rate, absolute value of Q-T interval, K ealeulated 
for Q-T, absolute mechanical systole duration, T amplitude in Leads I and II, 
and Sy. Although not listed in the tables, the significance of the change in the 
T wave in Lead III is implied by the high significance of the T-wave changes in 
Leads I and II, and Sy. Mean values for these functions are listed in Table I 
and the tests of significance are given in Table II. 

In Table I there are also shown, for the functions of Group D, the total 
variability, the least significant differences due to the effect of a meal at the 
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5 per cent and 1 per cent levels, and the range of least significant differences. 
The total variability oq? is defined by oq? = o;? + o;? + oi”, where oj, of, and 
oy are the population variances. oq’ is thus the total variance of the dif- 
ference d, the combined effect of the several sources of variation. The least 
significant differences (LSD) are defined by LSD = og x t, where ¢ is the 
5 per cent or the 1 per cent value of ¢ with 71 df. Finally, the least sig- 
nificant range is defined by (Mean — LSD) to (Mean + LSD). At the 5 per 
cent level, this gives the range within which 90 per cent of the obtained 
values of d may be expected to lie; similarly, 98 per cent of the obtained values 
of d may be expected to lie within the 1 per cent least significant range. Values 
exceeding these ranges may be judged abnormal, in comparison with our group 
or normal young men. 

Heart Rate-—The average heart rate increased by 7.1 beats per minute 
after the meal, with a total variability of +4.67 (Table I). This increase was 
highly significant (Table IL). On the other hand, there was no significant in- 
erease of the range of the heart rate, ealeulated from the difference between 
the shortest and longest R-R interval (Table I). Therefore, there is no in- 
creased tendency to sinus arrhythmia associated with the increased heart rate. 
It will be noted that the heart rate before the meal indicates sinus bradyeardia 
in the majority of our subjects. According to the experience of this Laboratory, 
sinus bradyeardia is rather common among normal young men. 

Duration of Mechanical Systole, Q-T Interval, Kgy, and Ker—With the 
shortening of the R-R interval after the meal, a shortening of both the duration 
of the mechanical (syst) and of the electrical systole (Q-T) should be expected. 
This is indeed the case, as can be seen in Table I. The values are given in 
hundredths of a second. The difference is small, but statistically highly sig- 
nificant (Table TI). The constant K would express whether the shortening 
of mechanical (syst) and electrical (Q-T) systole would conform to the shorten- 
ing of the R-R interval in a proportion as indicated by the formula, or whether 
the change of Q-T or mechanical systole (syst) is out of the normal proportion. 
In the first case, K would remain the same; in the second ease, K would change. 
Tables I and II show that there is a highly significant increase of Koy. This 
means that the Q-T interval, although significantly shorter after the meal, does 
not shorten quite in proportion to the decrease of the R-R interval. After 
the meal, the Q-T interval is relatively larger than it was before the meal. In 
contrast, there is no statistically significant change of K,,.¢; in fact, the differ- 
ence of the means is zero (Table 1). However, this does not mean that Keys 
helongs to the Group A of stable functions. K,,.¢ remained the same within 
+ 0.002 in only 10 of 72 experiments; the changes exceeded 0.01 in 2 
experiments. Occasionally, rather large changes were observed up to +0.032 
and —0.024. The changes oceurred in both directions and were erratic both in 
regard to individual and trial variability. The different response of K,, and 
Kgr is not surprising. Discrepancies in the response of and have 
heen repeatedly observed under various experimental conditions.” * 

Duration of P Wave.—The duration of the P wave is essentially the same 


before and after the meal. 
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P-R Interval—There were no changes of the P-R interval in 33 of 72 
experiments. In one subject, the P-R interval was consistently shortened (by 
0.02 second) after the meal, while in the other subjects the changes were minor 
or not uniform. 

QRS Interval—The QRS interval was the same (within +0.01 second) 
before and after the meal. The QRS interval appears to be the most stable 
of all electrocardiographie functions. 

P-Wave Amplitude.—There were no changes in the amplitude of the P- 
waves in Lead I. In Lead II, changes averaging between 0.02 and 0.03 mv. 
in both directions (increase or decrease) were observed in 49 of 72 experiments. 
An increase of the P wave (in one experiment by 0.1 mv.) was more common 
than a decrease, especially when the P wave was small before the meal. ~The 
changes were not statistically significant (Table II). In Lead III, the changes 
of the P wave were similar to those in Lead II. If the P wave was negative 
or diphasie before the meal, there was a tendency toward greater positivity after 
the meals. 

Q Wave.—In electrocardiograms without a Q wave before the meal, no Q 
wave appeared after the meal. In electrocardiograms with a small Q wave be- 
fore the meal, there was a tendency to a slight increase (not exceeding 0.05 mv.) 
of the Q wave in all leads. Even so, the Q wave remained small and insig- 
nificant. Thus, the Q wave may be regarded as a comparatively stable fune- 
tion (Group A). 

R-Wave Amplitude in Lead IT and Xers.—The R wave in Lead II was 
increased in 52 and decreased in 15 experiments. In several experiments, the 
changes, especially increases, were quite considerable (between 0.3 and 0.5 mv.). 
Due to a larger degree of variability, the average increase was slight (Table I) 
and significant only for the F-test (Table IT). 

The distribution of changes of ers was similar to those of R, (55 in- 
creases, 15 decreases). The average increase of 0.17 mv. was highly significant 
for the F-test, and was also significant for the F’ test (individual variability), 
but was not significant for the F” test (trial variability) (Table IT). 

No ealeulations of statistical significance were made for the S wave, since 
changes of the S wave would be reflected in both Sors and QRS-axis changes. 

QRS Axis.—The QRS axis remained unchanged (between + 2°) in 33 of 
72 experiments. In the other 39 experiments there was about an equal incidence 
of a greater right or left axis shift after the meal. Consequently, the average 
electrical axis was about the same before and after the meal (Table I). In 
one subject with left axis deviation before the meal, there was a consistent shift 
toward the right, so that the left axis deviation was less pronounced. Only 
minor changes were observed in three subjects with an axis between 75° and 
89°, but the same was true also for another subject with an initial axis between 
15° and 21°. No consistent relationship between axis change and initial axis 
was seen in this series. 

S-T Segment.—The S-T segment showed. only minor changes after the meal 
with a tendency toward depression, although several slight increases were ob- 
served, too. The depression did not exceed —0.06 mv. in Lead III, while the S-T 
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segment remained positive or isoelectric in Leads I and II. The S-T segment 
belongs in Group A of comparatively stable functions. 

T-Wave Amplitude and Direction—The most pronounced and consistent 
changes occurred in the T wave. The T-wave amplitude in Leads I and II, 
Sr, and the electrical axis were analyzed. A decrease of the T wave, in at 
least one of the limb leads, and usually in all three leads, occurred in all experi- 
ments. The decrease of the T-wave amplitude in Leads I, and II, and =r was 
highly significant for all statistical tests used (Table Il). The absolute as well 
as the percentage difference increased in the above order. It can be inferred 
that there is also a significant decrease of Ts. In five subjects with a small 
positive T; before the meal, T; became small and diphasie after the meal. In 
order to decide whether the T-wave changes should be expressed as percentages 
of the initial T waves rather than in absolute differences, the caleulations of 
statistical significance were made for the logarithms of Sy. It ean be seen from 
Table II that the use of logarithms (or percentages) would have no particular 
advantage. 

T Axis—Of 72 experiments, a shift exceeding 2° toward the left was 
observed in 40 experiments, and a shift toward the right was seen in 16 experi- 
ments. Three subjects showed a consistent shift toward the left in all experi- 
ments. The average shift of —5.4° was highly significant for the F (t) -test 
and trial variability (F”), but not significant for individual variability (F’). 
There was no correlation between the initial T axis and the shift of the T axis 
after the meal. 

Electrocardiographic Changes After a High-Fat Meal (Series IT).—The 
effect of a meal with 82 per cent fat content was investigated in a total of 
24 experiments on 12 subjects. Since only two experiments were available in 
each subject, only the t-test was caleulated. Table III shows the results on some 
electrocardiographie functions. All electrocardiographie functions which were 
found to be stable after mixed meals (Group A) were also stable after the high- 
fat meal, and all functions which showed significant changes in Series I (heart 
rate, T wave, absolute length of Q-T and mechanical systole, Kg 7), showed 
similar significant changes also in this series. Most of the functions with 
frequent, but statistically not significant changes after mixed meals (Group B) 
showed a similar response after the high-fat meal. This is also true for Sers 


TABLE III. ELECTROCARDIOGRAPHIC CHANGES AFTER A MEAL WITH HIGH-FAT CONTENT 
(TWENTY-FouR EXPERIMENTS ON TWELVE SUBJECTS) 


ELECTROCARDIO- MEAN DIFFERENCE 

GRAPHIC BEFORE AND AFTER 

FUNCTION MEAL t p* SIGNIFICANCE 
Heart rate +5.96 beats per minute 5.997 0.001 High 
Kor +0.0124 3.77 0.001 High 
Koyst +0.0057 1.75 7.05 None 

= QRS +0.193 mv. 5.188 0.09 High 
QRS axis -2.21° 1.92 0.05 None 
=T -0.171 mv. 7.032 0.001 High 

T axis —4.54° 2.80 0.01 High 


*P shows the level of significance expressed as percentage of expected differences; P = 
0.01 means that there is only a 1 per cent chance that the difference is due to random variation. 
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and T axis which showed significant changes in Series I] only with the ¢-test. 
There was a more pronounced tendency to left axis deviation, which was, how- 
ever, not statistically significant. Taken all in ali, the electrocardiographie 
changes after a meal with a high-fat content are about the same as those after 
mixed meals. 

Electrocardiographic Changes (Including Chest Leads) Thirty and Sixty 
Minutes After the Meal (Series IIT).—In order to determine the trend of 
changes after the meal, in another series (III) the standard leads as well as 
CF,, CFs, and CF, were taken thirty and sixty minutes after the meal. A total 
of 24 experiments were performed on eight subjects. However, the trials were 
not evenly distributed; four repetitions were made in four subjects and two 
repetitions were made in another four subjects. For this reason, only the t-test 
of significance, was used. 

Since the meals as well as the subjects were the same as those in Series I, 
this series may be regarded as a repetition of Series I so far as the thirty- 
minute interval after the meal is concerned. Thus, Series III affords an oppor- 
tunity to check the reliability of the predicted range of least significant differ- 
ences for the 5 per cent and 1 per cent levels (Table 1). We compared the mean 
values and the standard deviations of the group as well as the 24 individual ex- 
periments, There was no significant group difference in any electrocardiographie 
function between Series I and Series III. In regard to the individual experi- 
ments, all values of all electrocardiographic functions were within the 5 per 
cent range of least significant differences except one value of the heart rate 
which was within the 1 per cent range. Thus, the results of both series are. in 
complete agreement. 

There were only minor differences of the various electroecardiographie fune- 
tions when these functions were compared at the intervals of thirty and sixty 
minutes after the meal. Sometimes the changes were somewhat more pro- 
nounced after sixty minutes; in other cases, they were slightly less pronounced 
or the same at thirty and sixty minutes. This was true for the limb leads as 
well as the chest leads (Figs. 1 and 2). In no experiment had the electrocardio- 
vraphie changes disappeared within sixty minutes. Table IV shows that the 
mean differences of several electrocardiographie functions of Group D are 
about the same thirty and sixty minutes after the meal. No function showed 
statistically significant differences between thirty and sixty minutes. This is 


TABLE ITV. MEAN DIFFERENCE OF SEVERAL ELECTROCARDIOGRAPHIC FUNCTIONS THIRTY AND 
MINUTES AFTER THE MEAL 


FUNCTION | 30 MIN. | 60 MIN. 
Average heart rate +6.54 +7.50 
Mechanical systole duration 0.01 second -1.87 -2.17 
QT interval, 0.01 second —0.96 ~1.12 
> QRS (mv.) +0.30 +0.25 
QRS axis (degrees) +1.17° +1.29° 
=T (mv.) —0.19 —0.20 
T axis (degrees) ~-5.62 —~5.33 
T, CF, (mv.) +0.09 +0.06 
T, CF, (mv.) -0.07 —0.09 


T, CF, (mv.) —0.26 


t 
i 
4 
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also true for the individual experiments. Within the 1 per cent range of least 
significant differences, there was only one value of the heart rate, one value of 
the duration of mechanical systole, one value of the Q-T interval, and two 
values of Sr in one subject. All other values were within the 5 per cent range. 
Obviously, the range of least significant differences, predicted from experiments 
thirty minutes after the meal, is essentially correct also for an interval of sixty 
minutes after the meal. 

The R and 8 waves of the chest leads CF,, Ck 
but not uniform changes. No Q waves appeared after the meal when these 
waves were absent before the meal. A small Q wave in CF, in one subject 


‘2, and CF, showed frequent, 


Fig. 1.—Three standard. leads before (a), thirty minutes after (b), and sixty minutes 
after (c) the meal in two subjects (Sa and Bu). Both subjects show a marked decrease of 
the T wave in Leads I and II after the meal; in subject Bu, this was more pronounced at 
thirty than at sixty minutes after the meal. In subject Sa the positive T wave in Lead III 
becomes small and diphasic after the meal. No significant axis shift can be seen. The slightly 
elevated S-T segment in Lead I of subject Bu is seen to be still elevated after the meal. Sub- 
ject Sa has a small diphasic Pz (not common in normal people), which is larger and positive 
after the meal. A similar change occurs in Ps. 


Lead I 
Sa 
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remained the same after the meal. The changes of the T waves were highly 
significant. In CF,, there was a shift toward greater positivity, i.e., the nega- 
tive or diphasic T wave became less inverted or positive (Fig. 2). In CFe2 and 
CF,, the T wave became smaller, more so in CF, than in CFs. The values, 
differences, variability, and range of least significant differences are given in 


Leod CFR, CFp CF, 


Fig. 2.—Three chest leads (CF:, CF2, and CF,) before (a), thirty minutes after (b), 
and sixty minutes after (c) the meal in two subjects (Bu and Ba). In Lead CF, the diphasic 
T wave of subject Bu before the meal becomes progressively positive after the meal; the T 
wave of subject Ba is less inverted after the meal. In both subjects the T wave decreases after 
the meal in Leads CF» and CF,, 


Ba oA | 

| 
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Table I. Changes of the S-T segment were minor with a tendency to slight 
elevation in CF; and an opposite tendency to slight depression in CF4, but in 
no case was this segment deviated below the isoelectric line. 


COMMENT 


The experiments show that consistent changes of various fundamental 
electrocardiographiec functions appear after the intake of moderate meals. Thus, 
food intake should be considered as a major factor in the standardization of 
the electrocardiographic procedure. The changes are present at least sixty 
minutes after the meal, and probably, according to Gardberg, and Olsen,’ 
for two or two and one-half hours. The changes might be more pronounced 
or more prolonged after heavy meals, although changes within the range of 
our diets showed no significant differences. 

In no ease did the electrocardiogram become abnormal after the meal. Ii 
might appear that food intake is of little consequence for the normal electro- 
cardiogram in regard to clinical diagnosis. However, this might not be true for 
borderline or abnormal electrocardiograms. Experiments on this question are 
in progress. 

The most important effect of the meal is the decrease of the T wave. There 
was no correlation between the changes of heart rate, QRS axis, or QRS ampli- 
tude. Probably the decrease of the T wave might be explained as due to 
sympathetic stimulation, as has been suggested for the decrease of the T wave 
in adjustment tests to vertical position.® A reduction of the coronary blood 
flow is not likely to be responsible for the T-wave changes in normal young 
persons, since they were not associated with changes of the S-T segment. 


SUMMARY 


1. The effect of meals on the electrocardiographie pattern was studied in 
120 experiments on 12 normal young men. 

2. The electrocardiograms were taken before, thirty minutes after, and, in 
some cases, sixty minutes after standard mixed meals and high-fat content meals 
of 942 to 1,548 calories. 

3. The three standard limb leads were taken in all 120 experiments, and 
in 24 experiments chest leads CFi, CF2, and CF, were also taken. The results 
were analyzed by precise statistical methods. 

4. In the limb leads the significant changes observed were an increase of 
heart rate, increase of Kor (i.e., QT/\/R-R), a decrease of the T wave, a de- 
erease of the duration of mechanical systole, a decrease of the Q-T interval, an 
increase of the QRS amplitude, and a left axis shift of the T axis. 

5. Frequent but not consistent changes were observed in the P wave, range 
of heart rate, and K, calculated from the duration of mechanical systole. 

6. The P-R and QRS intervals, the Q-wave, and the S-T segment showed 
little change. 

7. The T wave in CF, became more positive; in CF 2 and especially in CFs, 
the T wave was decreased. 
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8. The changes produced by the standard mixed meals and the high-fat 


meals were similar. 


9. The changes observed at thirty minutes after a meal were present with 


only minor variations at sixty minutes after a meal. 


10. Some practical applications to electrocardiographie procedure are dis- 


cussed. 
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THE VELOCITY OF BLOOD FLOW IN NORMAL PREGNANT WOMEN 


BENJAMIN MANCHESTER, M.D., F.A.C.P., anp SamueL D. Louse, M.D. 
Wasuineton, D. C. 


N 1928, Blumgart and Weiss' demonstrated the clinical value of measuring 
the velocity of blood flow in health and disease. This has since become 
an accepted procedure in the careful evaluation of an individual’s cardiac 
reserve. The ability to recognize early heart failure by measuring the velocity 
of blood flow has now been clearly established. In isolated left ventricular 
failure, when the physical signs may he meager, the only evidence of its pres- 
enee may be a prolonged arm-to-tongue and lung-to-tongue time. In like man- 
ner, it is possible to recognize the imminence or presence of right heart failure 
by the prolonged arm-to-tongue and arm-to-lung time, even before the venous 
pressure is elevated. 

The difficulty in recognizing early heart failure in pregnant women, espe- 
cially when decompensation occurs in the last trimester, is fully appreciated 
by all who have had any experience with this problem. The measurement of 
the velocity of blood flow as a means of detecting early heart failure in preg- 
naney has been attempted, but with equivocal results. This has been due to 
the fact that the range of normal circulation time in pregnancy has not been 
established. 

The value for the arm-to-tongue time of normal adults is 9 to 16 seconds 
when calcium gluconate, saccharin, magnesium sulfate, or decholin is em- 
ployed. That for the arm-to-lung time is 4 to 8 seconds, using ether and/or 
paraldehyde. There is no evidence that this accepted range applies to the 
normal pregnant woman. 

A search of the literature discloses that there is no unanimity of opinion 
as to whether the velocity of blood flow in the course of normal gestation is 
increased, decreased, or the same as in the nongravid woman. In 1924, Klee? 
measured the blood flow during pregnancy by the fluorescein method of Koch.* 
He found that the circulation time was prolonged to 25.2 seconds in primiparas 
and to 23.4 seconds in multiparas (the normal time being 20 seconds). The 
greatest slowing of blood flow occurred in the eighth month. Only a single 
observation was made on each of 100 women in the final trimester of preg- 
naney. Spitzer,‘ employing decholin and a single determination, found the veloc- 
ity of blood flow to be the same in the pregnant and nonpregnant states. In a 
study reported by Cohen and Thomson,’ 100 determinations, using the cyanide 
method of Robb and Weiss,® were made on 37 pregnant women. The average 


velocity of blood flow was normal in the first trimester of pregnaney (9 to 21 
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seconds), increased in the second trimester of gestation beginning with the 
seventeenth week, and remained increased until the thirty-fifth week, when it 
again decreased just prior to term. Landt and Benjamin’ employed decholin 
in 19 eases and found the velocity of blood flow to be the same in the pregnant 
as in the nonpregnant state. Using the saccharin method in 13 normal preg- 
nant women, Greenstein and Clahr* found that the circulation time increased 
from the eighteenth to the thirty-eighth week, and decreased in the fortieth 
week. The apparent discrepancy in these results prompted the present study. 

The purpose of this investigation was to determine the velocity of blood 
flow in pregnant patients without heart disease: the range of normal, from 
the first trimester until the conclusion of gestation. 


METHOD AND MATERIALS 


A total of 48 women were examined near the beginning of pregnancy. A 
complete history and physical examination were made with the purpose of exelud- 
ing any individual with heart disease. In a few cases, basal metabolism and 
blood cholesterol determinations were made in order to exclude patients with 
hyperthyroidism. Of this original group, all 48 were followed until the com- 
pletion of gestation. 

The patients’ weight, temperature, pulse, and respirations were recorded 
at each examination. Anyone with a temperature above 99° F. and/or a pulse 
above 120 was not examined on that day, but was asked to return on a subse- 
quent day. Each patient was made to rest in the reeumbent position for ten 
minutes prior to the determination. The antecubital vein was selected as the 
site of venipuncture, the same arm being used wherever possible. Ten cubic 
centimeters of 20 per cent calcium gluconate was used for the arm-to-tongue 
time determination, and 0.5 ¢.c. of a 50 per cent solution of paraldehyde in 
ether was used for the arm-to-lung time measurement. The circulation time 
was measured by a stop watch. The skin overlying the site was anesthetized 
with 1 per cent novocain to allay anxiety and fear of the venipuncture. The 
same observer always performed the same test on the same patient. During 
the first few visits the patient was informed of the end points for both meas- 
urements and reassured. Only 18- or 19-gauge needles were used. 

The test was performed in the following manner: With the tourniquet 
about the arm, venipuncture was made into the anesthetized skin. The arm 
was abducted to a 90-degree angle, the tourniquet was released, and no injec- 
tion was started until the venous congestion in the arm had abated. A stop 
watch was released, and when the second hand reached the five-second mark, 
the 5 ¢.e. of the 20 per cent calcium gluconate were injected rapidly (total 
injection requiring one to two seconds). Upon the perception of sensation of 
warmth in the tongue or mouth, the patient indicated by saying ‘‘Now,’’ and 
the time was then recorded by the stop watch, after five seconds were sub- 
tracted from the total time. After the sensation of heat had subsided, the 
arm-to-tongue time determination was repeated with the additional 5 c.c. of 
solution. This was done to check on the reliability of the subjective response. 
An average of the two determinations was taken as the final result. In cases 
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where the difference was greater than three seconds, the results were dis- 
carded, and the patient was requested to return on a subsequent day. 

After the measurement of the arm-to-tongue time had been made, the 
syringe was quickly detached, and the 2 ¢.c. syringe containing 0.5 c.c. of 
ether-paraldehyde was applied to the needle in situ. The stop watch was 
released, and, again at the five-second mark, the solution was injected quickly 
(requiring less than one-half second for its completion). The end point was 
usually objective, and was manifested as a short paroxysm of coughing, facial 
grimaces, and/or simultaneous perception of the paraldehyde-ether odor by 
the patient and the examiner. The result was then recorded as the arm-to- 
lung time. 

The lung-to-tongue time was obtained by subtracting the arm-to-lung time 
from the mean arm-to-tongue time. 

In this manner, the velocity of blood flow from arm-to-tongue and arm-to- 
lung was measured every two weeks from early in gestation until term. Of 
the 73 cases, 48 are available for study and constitute the basis for our obser- 
vations and conclusions. The remaining 25 cases were discarded because of 
irregular attendance. 

Of the 48 patients studied, 13 were between the ages of 16 and 20 years, 
31 were between 21 and 30, and four were 31 or older, the oldest being 37 
years old. A total of 712 determinations of both arm-to-tongue and arm-to- 
lung time were made on the 48 cases studied. In the first, second, and third 
trimesters, 132, 295, and 285 observations were made, respectively. Ten of the 
patients were not examined in the first trimester. In eight cases of the re- 
mainder, only a single determination was made in the first trimester, and these 
were not used in computing the final averages. 

In the total series, there were eleven cases with unpleasant or untoward 
reactions. Seven complained of pain along the course of the vein when the 
paraldehyde-ether mixture was injected. This could always be relieved by the 
rapid instillation of physiologic saline solution. In most of the cases the pain 
had subsided ‘before this measure was applied. Two patients had cellulitis at 
the site of the injection ; this was self-limiting and responded to the usual local 
measures. Two had a short but severe paroxysm of coughing, and two experi- 
enced syncope. It was observed that these reactions did not occur in the same 
individuals on subsequent examinations. 


RESULTS 


At the conclusion of this study, an evaluation of the results showed that the 
range of the velocity of blood flow varied with the trimester of gestation. The 
average circulation times for each patient are recorded in Table I. In the first 
trimester, the average circulation time from arm-to-tongue ranged from 10.3 
to 15 seconds; the average was 12.4 seconds. The arm-to-lung time ranged 
from 3.8 to 8.3 seconds; the average was 6.6 seconds. In the following three 
months, the arm-to-tongue time was 9.2 to 15.4 seconds, averaging 11.3 seconds. 
The arm-to-lung time ranged from 3.8 to 7.7 seconds; the mean was 5.8 see- 
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TABLE I. AVERAGE CIRCULATION TIME FOR EACH PATIENT* IN EACH TRIMESTER OF PREGNANCY 


AGE | FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER 
PATIENT | (YRS.)| GRAVIDA | A-T | A-T | A-L | L-T 
I 11.0 9.3 
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III 10.3 60 4.3 

II 10.5 5.0 65.5 

*The average time per patient per trimester, rather than individual readings, are here 

presented. Each average used represented at least two, and mostly five to eight, separate 

measurements during the trimester. The values enclosed in parentheses represent single deter- 
minations and were not used in determining the final averages. 
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onds. In the final trimester the arm-to-tongue values fell between 8 and 16.2 
seconds, averaging 10.2 seconds, and the arm-to-lung time range was 3.8 to 6.6 
seconds, averaging 5 seconds. Table II indicates the ranges and averages of 
the cireulation times in the three trimesters. 

In the first trimester (Table III) 90 per cent of the values for arm-to- 
tongue circulation time fell in the range of 10 to 14 seconds, 10 per cent rang- 
ing between 14 and 16 seconds, with no values below 10 seeonds. In the second 


24 II 12.0 12.6 
M. M. 24 I 13.2 12.2 
M. D. 24 I 15.0 12.8 
M. W. 24 I 12.8 11.0 
B. M. 24 I 10.3 10.0 
G. H. 25 II 12.6 10.7 
M. 8. 25 II 11.4 
S. M. 25 II 12.0 10.3 
F. P. 25 III 13.5 
L, T. 26 I 9.7 
26 II 11.3 
M. F. 27 I 10.5 
L. W. 27 Il 9.5 
N. B. 28 II 14.6 
M.E.S. 28 13.3 
M. W. 28 11.2 
R. P. 28 12.8 
L. M. 28 12.3 
FR. 29 11.2 
C.J. 30 10.9 
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TABLE IT. RANGE AND AVERAGES OF THE CIRCULATION TIMES IN THE THREE 
TRIMESTERS OF PREGNANCY 


| FIRST TRIMESTER SECOND TRIMESTER | THIRD TRIMESTER 
| AVER- | AVER- 
STUDY | RANGE AGE * RANGE AGE * | RANGE AGE * 
Arm-to-tongue 10.3t015.0 12.4 +1.0 9.2to15.4 11.3 +113 8.0t0162 110.2 +1.1 
time 
Arm-to-lung 3.8 to 8.3 6.6 +0.8 3.8 to 7.7 5.8 +0.9 3.8 to 6.6 +5.0 +0.7 
time 
Lung-to-tongue 4.0 to 8.0 5.8 +0.9 4.0 to 8.4 5.5 +0.7 4.0t010.3 +0.5 
time 


*Standard deviations about the means. 


TABLE IIT. DistripuTion or ARM-TO-TONGUE TIME VALUES IN THE THREE TRIMESTERS 


FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER 
ARM-TO-TONGUE NUMBER PER NUMBER PER NUMBER | PER 
TIME, SECONDS OF CASES CENT OF CASES CENT OF CASES CENT 
14.0 to 16.0 3 10 2 4 1 2 
10.0 to 13.9 27 40 37 77 23 48 
8.0 to 9.9 0 0 9 19 24 50 
Total 30 100 48 100 48 100 


trimester, only two average values (4 per cent) fell above 14 seconds, and 19 
per cent of the average values were less than 10 seconds. In the third tri- 
mester, only one arm-to-tongue measurement exceeded 14 seconds, and 50 per 
cent of the average values were shorter than 10 seconds. 

In 45 of the 48 patients, there was a downward progression of the arm-to- 
tongue circulation time with each trimester. In only two cases did the aver- 
age value obtained in the third trimester fail to be shorter than that obtained 
in the first trimester. 

DISCUSSION 

Repeated measurements of the velocity of blood flow in 48 pregnant women, 
who were followed from early in pregnaney to the conclusion of gestation, 
yielded values which fall within the accepted range for normal nonpregnant 
adults. The mean velocity ot blood flow for the individual patient, as well as 
for the entire group, showed a progressive inerease with each trimester, as 
recorded in Tables I and II. While the over-all range remained the same 
throughout pregnancy, the concentration of values for almost the entire group 
descended significantly within the range (Table III). These findings are in 
agreement with those of Cohen and Thomson,® whose conclusions are based 
on a large series of cases. 

The clinical value of the measurement of blood flow is dependent on the 
cooperation of the patient, and on the technique (such as rapidity of injection, 
size of needle employed, and type of solution). In addition, repeated observa- 
tions assume a clinical significance that cannot be compared with single ob- 
servations. 

The discrepancies that exist in our results as compared with those in the 
literature may be more apparent than real. The conclusions made by Klee? 
based on the use of the fluorescein method may be due to the method alone. 
By this method, the determination of the velocity is dependent on the com- 
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pletion of the circulation after the dye traverses the capillary bed. It is well 
known that in pregnancy the circulation time through the capillary bed is 
significantly prolonged. When corrected for this factor, Klee’s results agree 
with those noted by Cohen and Thomson, and with our own observations. 

The differences noted by Spitzer,* Landt and Benjamin,’ and Greenstein 
and Clahr,* may be due to the facet that only single observations were made 
on small groups of patients. Circulation values in the first trimester were not 
available, and comparable measurements in the subsequent trimesters of gesta- 
tion were not always recorded. Additional evidence that the velocity of blood 
flow is increased during pregnancy is supplied by Burwell and Strayhorn,°® 
and Burwell and his co-workers,’® who demonstrated the decreased arterio- 
venous oxygen difference compared with the increased cardiae output. The 
role of the placenta as a modified arteriovenous fistula has been discussed." 

The results of the present study indicate that values accepted for non- 
pregnant adults are the same as the range noted throughout pregnancy. The 
mean value for the group, however, showed a definite increase in velocity. 
This fact may be of clinical significance, for, as shown by Hamilton and Thom- 
son,”? the greatest incidence of heart failure oecurs in the latter part of the 
second and the early part of the third trimester. Heart failure tends to de- 
erease the velocity and hence to prolong the circulation time. As shown by 
this study, the pregnant state modifies this tendency in the direction of in- 


creasing the velocity of blood flow. When obtained in the second and third 
trimesters, circulation values in the upper limits of normal may no longer 
indicate an efficient circulation in the pregnant cardiac patient. 


SUMMARY AND CONCLUSIONS 


Forty-eight pregnant women were followed throughout the three trimesters 
of gestation. The velocity of blood flow, measuring arm-to-tongue, arm-to-lung, 
and lung-to-tongue times, was recorded during that period. Throughout preg- 
nancy, the velocity of blood flow corresponded with the established normal values 
for nonpregnant adults. Beginning with the second trimester, the velocity of 
blood flow increased, and the mean values were the shortest in the third trimester 
of pregnancy. 

The present data indicate that pregnancy modifies the velocity of blood flow 
and tends to decrease the circulation times. Circulation time values, therefore, 
at the upper limits of the usually accepted normal, may in pregnancy be an early 
manifestation of cardiac decompensation. Such results are of increased signifi- 
cance when similar values are obtained on repeated measurements. 
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ACUTE PERICARDITIS IN YOUNG ADULTS 
CAPTAIN RicHARD M. Nay, M.C., ANp Captain NORMAN HH. Boyer, M.C. 


HE following report concerns the clinical courses of forty-six patients with 

pericarditis. A review of these cases was undertaken to obtain information 
coneerning the early clinical differentiation between acute pericarditis due to 
rheumatic fever and pericarditis of so-called idiopathic etiology. In addition, 
the differential features of acute pericarditis and acute infarction of the myo- 
cardium are reviewed. 

The patients were studied at one of the Army’s Rheumatic Fever Centers. 
Forty-two patients had had their acute attack of pericarditis in other hospitals 
and had been transferred to this hospital at some time during their convales- 
cence. Four patients were in this hospital at the time of the attack, or were 
admitted during the acute stage. 

The patients were all men. Their ages ranged from 18 to 37 years and 
averaged 25 years. Thirty-eight patients were in the third decade of life and 
seven were in the fourth decade. The diagnosis of pericarditis was made on 
the basis of the clinical history, electrocardiograms, and roentgenograms of the 
chest. In 29 patients, pericardial effusion was demonstrable by x-ray examina- 
tion. In 12 patients, no effusion was detected, but the presence of a.friction 
rub and electrocardiographie patterns of the type associated with pericarditis 
gave adequate proof of the diagnosis. In five patients, x-ray films were not 
made during the acute phase of the illness, but the diagnosis was adequately es- 
tablished by other evidence. No patients were included in which there was the 
slightest doubt as to the presence of pericarditis. 

It readily became apparent that the cases studied could be classified into 
three general groups. In the first group, which comprised the majority of the 
eases, pericarditis complicated an attack of acute rheumatic fever. Cases of 
acute pericarditis which were not associated with any specific etiological factor 
constituted the second group. The third group included cases of miscellaneous 
etiology. 

Group 1.—Twenty-five cases of pericarditis due to rheumatic fever consti- 
tute Group 1. The average age of the patients was 25.6 years with extremes of 
18 and 37 years. Six patients had a history of previous attacks of rheumatic 
fever, two had attacks which may have been rheumatic fever, and one had 
chorea. None of the patients were known to have had valvular heart disease 
prior to the present attack of rheumatic fever. 

In 22 instances, pain in the joints preceded the symptoms of pericarditis. 
The time interval between the two varied from 1 day to 3 months, but in 17 
eases the interval was 1 to 12 days. In the remaining five cases, the intervals 
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were 15, 17, 20, 30, and 99 days. The symptoms of pericarditis antedated the 
joint symptoms in only three instances. In these the time intervals were 5, 6, 
and 7 days. 

In 18 instances, the onset of pericarditis was acute. It was frequently 
ushered in by a chill followed by fever and moderate to severe precordial or sub- 
sternal pain. All of these patients noted increase in the pain on deep breath- 
ing, and many had pain on swallowing and on twisting the trunk. Peri- 
eardial friction rubs were heard in 14 patients at or soon after the onset of 
symptoms. Seven patients had no subjective symptoms of pericarditis except 
very mild precordial pain. Two of these patients had a friction rub. 

The onset of pericarditis was usually accompanied by a transient leuco- 
eytosis; in 20 cases, the white blood cell count numbered 10,000 to 29,000 
cells per cubic millimeter. In two instances, the white blood cell counts were 
normal (5,800 and 7,450) when pericarditis was diagnosed, and, in the remain- 
ing three cases, counts were not made at the onset of symptoms of pericarditis. 
In all instances, the leucocytosis was of short duration; it usually lasted less 
than one week. 

The sedimentation rates were not altered appreciably by the onset of peri- 
carditis. There was a secondary increase from 13 mm. to 32 mm. per hour 
(Wintrobe) in one ease in which pericarditis occurred three months after the 
onset of rheumatic fever. This patient was considered to be in a virtually inac- 
tive stage of rheumatic fever at the time at which pericarditis occurred. In 
this case, the sedimentation rate remained elevated for fourteen days. 

In 22 cases, x-ray films were taken during the acute stage of the pericaditis 
and in 13 instances pericardial effusion was demonstrated. Electrocardiograms 
were taken in al] cases. In 17 instances, the patterns were considered to be 
diagnostic of pericarditis, and in 8 instances they were suggestive of pericar- 
ditis. The specific electrocardiographic changes will be discussed later since 
they were similar in all groups. 

Six of the patients who had pericarditis associated with rheumatic fever 
have subsequently developed valvular heart lesions. Four patients have mitral 
insufficiency and a fifth has aortie insufficiency. The sixth patient has mitral 
stenosis and insufficiency and aortic insufficiency. This incidence (24 per 
cent) is no greater than that of the patients who developed valvular lesions 
among the entire group who had rheumatic fever at this hospital. Data from 
these cases are summarized in Table I. 

Group 2.—Fifteen cases of acute pericarditis in which the etiology was un- 
determined constitute Group 2. The patients in this group had none of the 
stigmata of rheumatie fever either before, during, or after the acute episode of 
pericarditis. We have designated this type as pericarditis of undetermined 
etiology. 

The average age of the patients in this group was 27 years with extremes 
of 20 and 37 years. None of the patients had any history of previous attacks 
of rheumatic fever or chorea. None were known to have had valvular heart 
disease prior to their illness, and none had any evidence of valvular lesions 
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when examined. In 12 instances, the onset of pericarditis was extremely ab- 
rupt with sudden severe precordial or substernal pain and usually with chills 
and fever. The pain was aggravated by deep respiration and by twisting the 
trunk or swallowing. The pain was worse iu the prone position, and the pa- 
tients were more comfortable in a sitting position. Codeine and morphine were 
used frequently because of the severity of the pain. The acute symptoms usu- 
ally subsided within forty-eight hours. In three cases, the onset extended over 
a period of three or four days during which the patient noted gradually in- 
creasing dyspnea and precordial pain. 

Transient or persistent pericardial friction rubs occurred in 11 of the 15 
patients. Leucocytosis was exceptional, and only four of the patients had a 
_white blood cell count above 9,000 per cubic millimeter at any time during their 
illness. The highest counts in these four cases were 12,000, 21,000, 16,000 and 
33,000, respectively. In the latter case, the patient was quite ill and had 
nausea, vomiting, and acute nasopharyngitis. Sedimentation rates were deter- 
mined frequently in only nine cases. They were normal in three patients, and 
in six patients the highest rates varied from 29 to 78. Increase in the rate 
of sedimentation lasted from one to six weeks. 

X-ray films of the chest were taken in 13 cases, in ten of which pericardial 
effusion was apparent. Frequent electrocardiograms were taken in 14 eases 
and were available for review. In each instance, the pattern was considered 
to be unmistakably that of pericarditis. The fifteenth patient was in a small 
dispensary during the acute phase of his illness and an electrocardiograph was 
not available until four weeks after the onset of his illness. At that time, the 
eleetrocardiogram was normal. Details of the electrocardiographie patterns 
are discussed below. Data from these cases are summarized in Table II. 


TABLE II. Group 2. FINDINGS IN FIFTEEN PATIENTS WITH PERICARDITIS OF 
UNDETERMINED ETIOLOGY 


PERICARDIAL| ELECTROCARDIOGRAM 
CASE | (YRS.) RUB WBC ESR EFFUSION | STT | A-V TIME 


26 21 Present 8,000 Not re- Present Diagnostic Normal 
corded 
20 Absent 6,750 7 Absent Diagnostic Normal 
23 Present 6,100 7 Absent Diagnostic Normal 
29 Present 9,000 42 Absent Diagnostic Normal 
24 Present 16,000 78 Present Diagnostic Normal 
24 Absent 7,500 f Present Diagnostic Normal 
21 Present 8,200 | Present Diagnostic Normal 
27 Present 12,300 5 Present Diagnostic Normal 
24 Present 21,000 : Present Diagnostic Normal 
20 Present 33,650 é Present Diagnostic Normal 
22 Present 9,500 Present Diagnostic Normal 
26 Present Not re- N - Not taken Not taken 
corded 
22 Absent 7,600 Present* Diagnostic Normal 


— 


AGE FRICTION | HIGHEST HIGHEST | 


37 Present Not re- - Not re- Diagnostic Normal 
corded corded 

33 Absent Not re- Present* Diagnostic Normal 
corded 


*Roentgenograms in these cases were not available for review, but the reports are quoted. 
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Group 3.—This group includes miscellaneous types of pericarditis. One 
patient had recurrent pericarditis with effusion and pleuritis with effusion, one 
had pericardial effusion accompanying atypical pneumonia, one had chronic 
constrictive pericarditis, one had pericarditis associated with an aneurysm 
of the ascending aorta, one had pericarditis which followed trauma to the chest, 
and one had pericarditis associated with acute glomerulonephritis. These cases 
had no common features except the presence of pericarditis. 


Fig. 1.—Case 41. Recurrent pereenetitte with effusion and pleurisy with effusion. Illness 
began on March 24, 1945. The first eléctrocardiogram, taken April 3, 1945, shows elevation of 
the S-T segment in Leads I and II. Ten days later the T waves were inverted in all leads. 
The patient had recovered and the electrocardiogram was normal on April 27, 1945. The pa- 
tient again became ill with pericardial and pleural effusions on May 28, 1945. The features 
of pericarditis reappeared in the electrocardiogram on June 10, 1945, and a normal tracing 
was obtained July 10, 1945. T-wave inversion occurring simultaneously in all four leads was 
present in eight cases in this series. 


CASE 41.—This is the case of a soldier, aged 28 years, whose past history included 
an attack of pleurisy without effusion in 1935. In October, 1944, he had an attack of 
pericardial and pleural effusion. Spontaneous recovery occurred and he was returned to 
duty. On March 24, 1945, while overseas, he had sudden severe substernal pain and 
dyspnea. He was admitted to a hospital where a diagnosis of pericardial and bilateral pleural 
effusion was made. Electrocardiograms taken during this episode are reproduced in Fig. 1. 
Characteristic changes, including slight elevation of S-T segments in Leads I and II, fol- 
lowed by negative T waves in Leads I, II, and III were present. T, was diphasic in the 
tracing taken on April 13, 1945. The electrocardiogram had returned to normal by April 
27, 1945. The patient was evacuated to the United States. On May 28, 1945, he again 
became ill with recurrence of the pericardial and pleural effusions. These effusions were 
apparent by roentgenography until June 28, 1945. Electrocardiograms taken May 31 and 
June 10, 1945, revealed changes similar to those of the earlier episode. An electrocardio- 
gram taken July 10, 1945, was normal (Fig. 1). No definite diagnosis was made in this 
ease. Culture of fluid removed from the pleural cavities was negative, and injection of 
the fluid into guinea pigs revealed no evidence of tuberculosis. 
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CAsE 42.—This 26-year-old soldier developed pericardial effusion demonstrated by 
roentgenography during the course of atypical pneumonia. A single electrocardiogram, 
taken during the first week of the effusion, was normal. Unfortunately, subsequent trac- 
ings were not obtained. 


CasE 43.—This patient had chronic constrictive pericarditis of undertermined etiology. 
The electrocardiogram showed low voltage, and T waves were inverted in all leads. The 
liver was enlarged and venous pressure was increased (20 em, of water). 


CASE 44.—This 26-year-old Negro soldier gave a history of a positive serologic test 
for syphilis at the age of 18 years. The date of initial infection was not known. He was 
admitted to the hospital acutely ill and complaining of substernal pain and dyspnea. A 
friction rub was heard over the precordium. Roentgenograms and fluoroscopic examination 
of the chest revealed pericardial effusion and an aneurysm of the ascending aorta. Electro- 
cardiograms revealed serial changes typical of pericarditis. A pericardial paracentesis was 
done and 50 c.c. of grossly bloody fluid was obtained. Microscopie examination of the fluid 
revealed no acid-fast or pyogenic organisms. Culture and guinea pig inoculation of the 
fluid were negative. Recovery was rapid. 


Case 45.—This 27-year-old soldier was unloading oil drums when he was crushed be- 
tween a filled drum and a truck. He was treated in a dispensary but refused hospitalization. 
He apparently recovered but two weeks later was taken ill with acute pericarditis. The 
course of his illness was brief and recovery was complete. The role of trauma in this in- 
stance is unknown. 


CASE 46.—This 34-year-old soldier was admitted to a hospital with acute glomerulo- 
nephritis. Three days later there were signs of congestive heart failure. A roentgenogram 
revealed the presence of pericardial effusion. Electrocardiograms were characteristic of 
pericarditis. 


Data from these cases are summarized in Table III. 


TABLE IIT. Group 3. FINDINGS IN SIx PATIENTS WITH MISCELLANEOUS TYPES OF 
PERICARDITIS 


ELECTROCARDIOGRAM 
CASE | (YRS. ) CONDITION RUB WBC ESR EFFUSION STT | A-V TIME 
4] 28 Bilateral pleural Absent 12,650 42 Present Diagnostic Normal 
effusion 
42 26 Atypical pneu- Absent 11,000 36 Present Normal* Normal 
monia 
Constrictive peri- Absent Not re- Absent Diagnostic Normal 
carditis corded 
Aneurysm of Present 8,200 Present Diagnostic Normal 
aorta 
Trauma to chest Present 13,550 Present Diagnostic Normal 
Acute glomerulo- Absent 10,400 Present Diagnostic Normal 
nephritis 


AGE ASSOCIATED FRICTION | HIGHEST =. PERICARDIAL 


*Only one electrocardiogram obtained. 


ELECTROCARDIOGRA MS 


In 43 of the 45 cases of acute pericarditis, electrocardiograms were taken 
in sufficient number and at the proper time to reveal changes associated with 
pericarditis. In all of these cases, the changes observed in the electrocardio- 
grams were diagnostic or suggestive of pericarditis. However, in some in- 
stances, only one or two electrocardiograms were taken since the changes noted 
were sufficiently marked to corroborate the diagnosis. In 29 cases, electro- 
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cardiograms were taken at frequent intervals until the abnormalities had ceased 
to be present. These cases lend themselves to detailed review. In many in- 
stances electrocardiograms were made at two- and three-day intervals and in none 
was the interval longer than one week. A total of 248 electrocardiograms were 
studied. The leads taken in all cases included the standard limb leads and the 
apical lead, IVF. The following observations were made. 

The earliest electrocardiographic abnormality noted was elevation of the 
S-T segments. This occurred in 12 of our cases and disappeared before the 
tenth day in all cases except one, in which it was present from the seventh to the 


Fig. 2.—Case 34. The electrocardiogram of Nov. 18, 1944, was taken during the first 
twenty-four hours of the patient’s illness. S-T segments in the standard leads are elevated, 
the ascending limb of the T wave is concave upward, and T is peaked. On Dec. 4, 1944, T1, To, 
and Ts were inverted and three days later, T: was upright and T: and Ts were isoelectric. A 
normal electrocardiogram was obtained on Dec. 30, 1944. These electrocardiographic changes 
are typical of the patterns observed in this series of cases. 


thirteenth day. In nine cases, electrocardiograms were not taken until after the 
tenth day following onset of symptoms, at which time it is improbable that S-T 
segment derangement would be encountered. Thus segmental elevation was 
noted in 12 (60 per cent) of 20 cases in which its occurrence could reasonably 
be expected. In six of the seven cases in which electrocardiograms were taken 
within twenty-four hours of the onset of symptoms, elevation of the S-T seg- 
ments was noted. The elevation involved all four leads in two cases, Leads 
I, II, and IV in three cases; Leads I, II, and III in one case; Leads 
I and IV in one case ; Leads II and III in one ease; Leads I and II in two cases; 
Lead IT in one case; and Lead I in one ease. In no instance was there recipro- 


NAY AND BOYER: ACUTE PERICARDITIS IN YOUNG ADULTS 229 


cal depression of S-T segments of other leads. In four cases, associated with 
the elevation of the segments, there was a distinctive peaking of the T waves 
with upward concavity of the ascending limb of the wave. Attention has been 
directed to this feature by Barnes,” and it is well illustrated in Fig. 2. 

When elevation of S-T segments occurred, it was transient, and a normal 
or near-normal tracing was usually obtained before changes in the T waves oc- 
curred. In a few instances the T waves were of very low voltage in the one 
or two electrocardiograms preceding that in which T-wave negativity occurred. 
Striking inversion of the T waves in multiple leads occurred in all except two of 
the cases studied. In eight cases, the T waves in all four leads were inverted 
simultaneously in at least one electrocardiogram. In 12 additional cases, T 


5/1/45 3/245 8/2/45 


Fig. 3.—Case 1. The patient became ill with rheumatic fever in November, 1944. On 
March 1, 1945, he noted the sudden onset of substernal and precordial pain. A _ pericardial 
friction rub was present. An electrocardiogram, taken Jan. 4, 1945, was normal. Electro- 
cardiogram taken March 1, 1945, revealed a slight elevation of S-T: and S-T: with peaked T 
waves in Leads I, II, and IVF. The P-R interval was 0.22 second. The following day the 
electrocardiogram was similar except that the P-R interval was 0.20 second. An electrocardio- 
gram March 3, 1945, was normal. Although electrocardiograms were taken at weekly intervals 
for the five succeeding months, T-wave inversion did not occur. The changes illustrated are 
minimal. This type of electrocardiographic pattern, without T wave inversion, was present 


in two cases in this series. 


waves in two or three leads were inverted, and the T waves in the remaining 
one or two leads were isoelectric or diphasic. Thus, in 20 (65 per cent) of the 
eases, the T waves were either negative, diphasic, or isoelectric in all four 
leads simultaneously. -In seven other cases, T-wave inversion occurred in two 
or three leads without significant changes in the remaining leads, and in two 
eases, no abnormality of T waves was noted. Both of these cases had exhibited 
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distinctive elevation of S-T segments in the earliest tracings and clinically had 
unmistakable pericarditis of rheumatic etiology. 

There was a marked variability in the onset and duration of abnormality 
in the T waves of the electrocardiograms in these cases. In 23 cases, inversion 
on the T waves was first noted between the fifth and eighteenth days. In the 
remaining four cases it occurred in the first, second, twenty-fourth, and twenty- 
seventh days. The duration of T-wave abnormality varied from its occurrence 
in a single tracing to occurrence over a period of seventeen weeks; in 21 cases 
T-wave negativity was present for two to nine weeks. In this connection it is 
interesting to note that the electrocardiograms of the patients in Groups 1 and 
2 each demonstrated abnormalities for an average period of six weeks. How- 
ever, it was observed that in the patients with rheumatic fever, T-wave changes 
generally occurred earlier in the course of pericarditis and persisted slightly 
longer than in patients without rheumatic fever. 

Among the patients in Group 2 and Group 3, abnormality of auriculo- 
ventricular conduction was not observed. Among the 25 patients in Group 1, 
first degree heart block was present in five patients, and second degree block was 
present in four other patients. Thus, 36 per cent of patients who had pericar- 
ditis of rheumatie origin had conduction defects discernible by electrocardio- 
graphic methods. These conduction defects were transient in all but two cases. 
The first patient still had first degree block with the P-R interval varying from 
0.24 to 0.28 second fifteen months after the onset of pericarditis. The sedi- 
mentation rate remained elevated and the patient had mild joint pains. In the 
second patient, second degree heart block was present during the acute stage 
of the illness and first degree block persisted for one year. The patient was 
discharged from the service despite the defect since he was well clinically and 
there had been no change in his condition for the preceding six months. 


COMMENT 


A comparison of the clinical course of patients in Groups 1 and 2 reveals 
that when pericarditis occurs during the course of rheumatic fever, it is 
less sudden in onset and the symptoms are less severe than in most cases of 
pericarditis of indeterminate etiology. In our patients, subjective and objec- 
tive evidences of joint involvement were invariably associated with pericarditis 
of rheumatic origin. Indeed, this was the chief point of differentiation. In 
addition, joint manifestations usually antedated those of pericarditis, but in 
three instances, were delayed until a few days (one week or less) after the 
onset of pericarditis. Another interesting and valuable differential point is 
that rheumatic pericarditis usually is accompanied by a moderate leucocytosis 
(10,000 to 29,000) whereas no elevation of white blood cell count oceurs in most 
eases of pericarditis of indeterminate etiology. 

There was no appreciable difference in the occurrence or the amount of 
pericardial effusion in the two groups. Neither was there marked difference in 
the electrocardiographic findings, except that abnormalities in auriculoventric- 
ular conduction appeared in nine (36 per cent) of 25 patients who had rheu- 
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matic fever. It is worthy of note that in only 24 per cent of patients with 
rheumatic fever were there valvular lesions at the time of our last examination. 
This is in contrast to the findings of Massie and Levine,’ who examined 70 pa- 
tients who had had rheumatic fever and pericarditis an average of seven years 
previously. Sixty-four per cent of these patients had valvular lesions at the 
later date. It is possible that valvular lesions will become apparent in our 
patients in future years. The duration of electrocardiographic abnormalities 
was approximately the same in the three groups of cases of acute pericarditis. 

We have been impressed by the fact that the electrocardiographic patterns 
observed in these cases have been highly specific. There has been no con- 
fusion of these patterns with the patterns of myocardial infarction. We have 
not seen S-T segment elevation in the electrocardiograms of patients with 
rheumatic fever in the absence of pericarditis. Recently there has come under 
observation a 34-year-old soldier with acute rheumatic fever whose electrocar- 
diograms revealed T-wave negativity in all leads. The pattern of serial elec- 
trocardiograms was similar to those seen in this series of cases. A frietion rub 
was not noted during the early stage of the patient’s illness. Roentgenograms 
of the chest were not taken, but clinically there was no evidence of pericardial 
effusion. With this possible exception, T-wave abnormalities suggestive of 
pericarditis were not found in any patients who had rheumatic fever without 
pericarditis in this hospital, although the number of patients in whom a diag- 
nosis of rheumatic fever has been made now exceeds 900. 

Among the group of 29 patients whose serial electrocardiograms were 


studied, there were eight patients in whom the electrocardiograms were normal 
after the onset of pericarditis. In 25 cases, T-wave abnormalities did not oceur 
prior to the fifth day. In four eases, characteristic elevation of the S-T seg- 
ments was noted in the earliest tracings. The importance of taking frequent 
electrocardiograms is emphasized by the fact that, in our series, normal electro- 
cardiograms were obtained as long as two or even three weeks after the onset 


of pericarditis. 
It is noteworthy that first degree block has persisted in two of our cases 


since Massie and Levine reported that, in rare instances, permanent conduction 
defects persist for years following rheumatic pericarditis. This occurrence has 
not béen noted among other patients with rheumatic fever at this hospital. 

In general, the electrocardiographic patterns have conformed to those 
described by other authors** as occurring in acute pericarditis. Characteristic 
electrocardiograms have been obtained, however, in a larger proportion of 
eases, possibly because of the large number of tracings which were taken. The 
peculiar type of T-wave inversion noted by Bellet and MeMillan® occurred in 
three cases. This consists of a nearly normal ascending limb of the T wave to 
eustomary height, followed by a sharp, straight, descending limb which ends 
in a pointed inversion of T wave. This was encountered only in Leads I and II, 
and in each instance was associated with rheumatic fever. 

Among the patients with pericarditis of indeterminate etiology, there were 
three who had been transferred to this hospital with diagnoses of myocardial 
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infarction. Eight others had been suspected of having rheumatic fever. The 
following points were found to be especially helpful in differentiation of acute 
pericarditis from acute myocardial infarction. In our patients, the age group 
was important since myocardial infarction is rare before the age of 35 years. 
The clinical course was also suggestive due to the fact that a friction rub is 
often heard in the first day in pericarditis, but is usually delayed for sev- 
eral days or a week in myocardial infarction. Important subjective symptoms 
in acute pericarditis were the aggravation of pain on breathing, swallowing, 
and twisting the trunk. These symptoms are rare in myocardial infarction and 
are almost pathognomonic of pericarditis. 

In our experience, leucocytosis is uncommon in pericarditis of undetermined 
etiology but is usual in myocardial infarction. In patients with pericarditis, the 
height of the fever is compatible with an infectious process whereas the tempera- 
ture is seldom more than slightly elevated in myocardial infarction, and the ele- 
vation rarely lasts longer than three days. Last, the electrocardiographie pat- 
terns produced by pericarditis may be distinguished from those of myocardial 
infarction. The chief electrocardiographie features of pericarditis are: elevation 
of S-T segments without reciprocal depression of other segments; late inversion 
of T waves in all of the standard leads and frequently in Lead IV as well; ab- 
sence of prominent Q waves in the limb leads; absence of change in R wave in 
Lead IV; absence of frequent ventricular extrasystoles; and the return of the 
electrocardiogram to normal within eight or nine weeks in most eases. 


SUMMARY 


1. Forty-six cases of pericarditis occurring among young soldiers have 
been presented. In 25 cases, rheumatic fever was the etiological factor; in 15 
cases, no definite etiology was determined; and in 6 cases, various etiological 


factors were present. 

2. In this series of cases, the important points in the differentiation of 
acute pericarditis due to rheumatic fever from acute pericarditis of undeter- 
mined etiology were coincident joint manifestations ‘and leucocytosis in the 
former, and the abrupt, severe onset and absence of leucocytosis in the latter. 

3. The electrocardiographie patterns in 43 cases of acute pericarditis have 
been reviewed. Elevation of S-T segments occurred in 60 per cent of the cases 
in which electrocardiograms were taken within the first ten days after_ the 
onset of pericarditis. In all but two eases, T-wave changes of the distinctive 
pattern of pericarditis were present. The electrocardiograms returned to nor- 
mal in four days to seventeen weeks. In eight (30 per cent) of 29 cases in 
which serial electrocardiograms were studied, normal tracings were obtained 
after the onset of pericarditis and prior to the appearance of changes in the 
T waves. This indicates the need for taking electrocardiograms over a period 
of three to six weeks following the onset of clinical symptoms. No difficulty 
was encountered in differentiating the electrocardiographic patterns of peri- 
carditis from those of myocardial infarction or of rheumatie fever without 
pericarditis. 
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4. The differential diagnosis of acute nonrheumatic pericarditis and acute 
myocardial infarction has been discussed. and particular reference has been 
made to the difference in the electrocardiographie patterns produced by the 


two diseases. 
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THE INCIDENCE OF RHEUMATIC FEVER AND HEART DISEASE IN 
SCHOOL CHILDREN IN DUBLIN, GEORGIA, WITH SOME 
EPIDEMIOLOGICAL AND SOCIOLOGICAL OBSERVATIONS 


LIEUTENANT COMMANDER Rosert W. Quinn, M.C., USNR 


INTRODUCTION AND PURPOSE 


ONSIDERABLE evidence supports the view that rheumatic fever is now 

the most important public health problem in the United States. We know 
that, in the United States, rheumatie fever accounts for more deaths than any 
other disease in the age group from 5 to 20 years, and moreover, deaths from 
rheumatic fever are on the increase.' Yet these mortality figures are only part 
of this problem. The decreased span of life and the economic loss resulting 
from the crippling of those who survive make the problem doubly challenging. 

These facts have been brought into foeus by our recent Selective Service 
figures and the rheumatic fever problem of the Armed Forces. In a re-examina- 
tion of 4,994 men rejected for general military service because of cardiovascular 
defects, rheumatic heart disease was found to be by far the most common cause 
for rejection.?, Large numbers of men have acquired rheumatic fever for the 
first time since entering the Armed Forces. In the Navy it has been necessary 
to establish hospitals exclusively for the care of patients with rheumatic fever. 
Although no exact figures are yet available, it is certain that many of these 
patients will develop rheumatic heart disease and thus add to the rheumatic 
fever problem. Meakins* believes that rheumatic fever is the primary health 
problem in areas inhabited by the white man and states that tuberculosis must 
take second place. 

It is generally believed that the prevalence of rheumatic fever in the trop- 
ies and in the southern part of the United States is relatively low. Both Paul* 
and Hedley,® however, have pointed to the need for school surveys of heart 
disease, especially in the South. This study was undertaken to increase the 
knowledge of the prevalence of rheumatic fever. 


DESCRIPTION OF DUBLIN AND ITS SCHOOL SYSTEM 


Dublin, Georgia, the site of the U. S. Naval Hospital for Rheumatic Fever, 
seemed well suited for a survey of heart disease in school children since it is lo- 
eated in one of the southern states and the school population is composed of 
both white and Negro children living in the town or surrounding rural area. 
Dublin is located in Laurens County near the geographical center of Georgia, 
at a latitude of 4214 degrees and a longitude of 83 degrees. The elevation is 
234 feet. The annual rainfall is approximately 50 inches; recent figures were 
47.03 inches for 1943 and 50.84 inches for 1944. The temperature is relatively 
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high, with a mean temperature of 58.6° F. for the winter, 66.8° F. for the 
spring, 80.1° F. for the summer, and 66.4° F. for the fall. Laurens County 
covers an area of 796 square miles and had a population, in 1940 of 33,606. 
Among Georgia counties, Laurens County is seventh in size and seventh in 
population.® In 1945 the population of Dublin was approximately 9,000. The 
population of both Laurens County and Dublin has fluctuated considerably in 
the past two-years because of transient labor and Naval personnel associated 
with the building and operation of the U. S. Naval Hospital near Dublin. 

The school system of Dublin is composed of three elementary schools and 
one high school for white children; and one elementary and one combination 
elementary and high school for Negro children. The total enrollment for the 
school year 1944-45 was as follows: 

Total Enrollment Average Daily Attendance 
White 1,132 902 
Negro _596 
Total 1,854 1,498 


The enrollment of pupils in the fifth, sixth, seventh, and eighth grades was 299 
boys and 347 girls, totaling 646. The average daily attendance in these re- 
spective grades in the schools for wh°te children was 367 and in the combined 
elementary and high school for Negro children was 166. 

Of the total number of registered school children in Dublin, 26.7 per cent 
were examined. However, with the constantly changing school population, per- 
haps the average daily attendance gives a more accurate figure of the number 
of children available; of this number approximately one-third were examined. 
Seventy-two per cent of the total number of children in the fifth, sixth, seventh, 
and eighth grades were examined. Children in these grades were selected 
because it was thought that from them an adequate sampling of the age group 
in which rheumatic heart disease is most likely to occur could be obtained. 
The children selected are beyond the average age of onset of rheumatic fever 
(7 to 9 years) ; moreover, they are old enough to exhibit some of the manifes- 
tations of rheumatic heart disease should they have acquired rheumatic fever 
at an earlier age. It is true that in an older group of children more of those 
susceptible to rheumatic fever would have acquired the disease than in a 
younger group. However, this number would probably not be large enough to 
change materially the over-all incidence of rheumatie fever or rheumatic heart 
(lisease. 

TECHNIQUE 

The data used in this study were obtained from school children of the fifth, 
sixth, seventh, and eighth grades of both the white-and Negro schools. The 
form used in recording this data is shown in Fig. 1. After the consent of the 
parents was obtained, groups of 15 to 20 children stayed after school in the 
afternoon for examination. A complete history for rheumatic fever was ob- 
tained from the child or parent, followed by a brief general physical examina- 
tion and a careful examination of the heart. Each child was examined un- 
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NAME AGE SEX RACE: Color 
Extr. 


ADDRESS PARENT’S NAME 


P.H. Born: 
Rheumatic fever: Age: No. of attacks: Place of origin: 


**Blue baby’’: 

Chorea : 

Joint swelling, pains, redness or tenderness: 
‘*Growing pains’’: 

Nose bleeds: 

Fever: 

Loss of weight, recent, or failure to gain: 
Abdominal pain: 

Nodules in skin: 

Tonsillitis: 

Strep. sore throat: 

Searlet fever: 

Diptheria: 

Whooping cough: 

Heart Disease: 

Skin lesions: Purpura: Erythema 
Exercise tolerance: 

Pulmonary disease: 


Allergy: 
Diet: 

F.H. Rheumatic fever: Cardiac disease: Chorea : 
No. of siblings Allergy: 


Social History: 
Home: Where Country or town: 
Number of persons living there: 
Number of rooms: 
Dampness : 
Financial status: 
0 - 1,000 
1,000 - 2,000 
2,000 - 3,000 
3,000 - Plus 
P.E. Temperature: Pulse: Respiration : Blood Pressure: 


General description: 
Lymphatic system: 


Skin: 
Respiratory system: 
Cardiovascular system: Cyanosis: Clubbing: Edema: Cap. Pulse 
P.M.I: R.C.D: A2 p2 Ist Apical Sound: 
Murmurs: Intensity Pitch Quality | Duration. Time | _ Ex. Trans. 
Base 
L.S.B. 
Apex — 
C.B.C.: 
Ecg: 
X-ray: 
Fluoroscopy : 
Impression: 


DATE 


NAME 
Fig. 1. 
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dressed to the waist while standing, lying on his back, lying on the left side, 
and lying on the left side following exercise. When a definite diagnosis could 
not be made following a single examination, second and third examinations 
were made and electrocardiographic, fluoroscopic, and x-ray examinations were 
performed. When a history suggestive of past rheumatic fever was obtained, 
the child’s parents were interviewed and the previous history was either corrob- 
orated or disqualified. 


DESCRIPTION OF MATERIAL 


Of the 401 school children examined, 237 (59.1 per cent) were white and 
164 (40.9 per cent) were Negro. No exact figures concerning the racial extrac- 
tion of the white children were obtained, but they were largely of Irish and 
English descent, their ancestors having settled here three or four generations 
ago. All of the children were born and grew up in Georgia or in the sur- 
rounding states (with the exception of one child born in New York City and 
two children born in southern California, none of whom had rheumatic fever). 
Of the white children, 113 (47.7 per cent) were male and 124 (52.3 per eent) 
were female. Of the Negro children, 41 (25.5 per cent) were male and 123 
(74.5 per cent) were female (Table I). The average age of the white and of 
the Negro children was 12 %» years. It is noteworthy that the spread of ages 
in the Negro group was greater than in the white group. 


TABLE I, NuMBER, RACE, AND SEX OF CHILDREN EXAMINED IN THE FIFTH, SIXTH, 
SEVENTH, AND EIGHTH GRADES 


RACE | NUMBER | MALE FEMALE 


White 237 113 
Negro 164 41 123 
Total 401 154 


FAMILY HISTORY 


A history of rheumatic fever in the families of nine white children (3.7 per 
cent) was obtained, but none of the Negro children gave a family history 
of rheumatie fever. The question of family history of heart disease or heart 
trouble of any type resulted in an affirmative answer from 58 white children 
(24.4 per cent) and 20 Negro children (12.1 per cent). 


SOCIAL HISTORY 


Table II shows that the majority of the children lived within the city 
limits of Dublin, however, 31 (13 per cent) of the white children and 21 (12.8 
per cent) of the Negro children were from rural districts. It was found that 
crowding existed in the homes of 74 white children (31.2 per cent) and 80 
Negro children (48.7 per cent). Crowding arbitrarily was said to exist when 


TABLE II. DESCRIPTION OF HOMES 


RACE | TOWN | RURAL | CROWDING | DAMPNESS 


White 206(87.0%) 31(13.0%) 74(31.2%) 11(4.6%) 
143 (87.2%) 21(12.8%) 80 (48.79%) 16(9.7%) 


| 


238 AMERICAN HEART JOURNAL 


the number of persons living in the house exceeded the number of rooms.* 
During and since the building of the U. S. Naval Hospital near Dublin, the 
population increase undoubtedly has added to the high incidence of crowding. 
Additional housing deficiencies which were present in many of these homes in- 
eluded absence of sunlight, dilapidation, fire hazards, inadequate washing and 
plumbing facilities, and poor heating. 

Dampness was considered to exist when the home was located near a 
swamp or stream, or on low-lying ground where drainage following rains was 
poor and water stood under or around the house for days at a time. Eleven 
(4.6 per cent) of the homes of the white children and 16 (9.7 per cent) of those 
of the Negro children were classified as damp (Table II). The high annual 
rainfall makes dampness common in this area. 

The economic status of the families of the children is tabulated in Table III. 
Estimates of the annual family income were determined from the occupation 
or profession of the family provider, the number of working days per year, and 
the number in the family contributing to the fantily income. However, the 
figures lent themselves readily to classification in the four income groups shown 
in Table III. They indicate that low incomes are common in Dublin, particu- 
larly among the Negroes. 


TABLE III. Economic STatTus 


INCOME GROUP WHITE NEGRO 
Under $1,000 per year 40(16.9%) 101(61.6% ) 
3% 51(31.1%) 


$1,000-$2,000 per year 98 (41.3% ) 
$2,000-$3,000 per year 74(31.2%) 11( 6.7%) 
Over $3,000 per year 25 (10.6% ) 1( 0.6%) 


RESULTS OF EXAMINATION 

The results of the examination of 401 school children for evidence of heart 
disease are tabulated in Tables IV and V. 

From Table IV it can be seen that 401 children represent approximately 33 
per cent of the available school population. One hundred seventy-six of these 
children were classified as heart disease suspects. In this category are those 
with extrasystoles, functional murmurs, potential heart disease, and possible 
heart disease. They represent 43.8 per cent of all subjects, a rate which is 
consistent with the surveys of Sampson and his co-workers® Christie,® and Samp- 


TABLE IV. INCIDENCE OF CONGENITAL AND RHEUMATIC HEART DISEASE IN 176 CARDIAC 
Suspects FounD AMONG 401 ScHOOL CHILDREN 


SCHOOL HEART ORGANIC 
POPULATION DISEASE HEART RHEU- CON- | RATES PER 1,000 
EXAMINED SUSPECTS DISEASE MATIC GENITAL SCHOOL POPULATION 

RHEU-| CON- 
TOTAL) % |TOTAL % |TOTAL| % |TOTAL] % TOTAL| % _ |ORGANIC| MATIC|GENITAL 
401} 33 176 | 43.8 6 1.5 4 | 0.67 2 0.33 15 10 5 


*The standard that indicates that dwellings are crowded when they are occupied by more 


than one person 
high standard of measurement. 
tional Institute of Health, U. S. Public Health Service, in its 


r room, is commonly used by housing officials and is regarded as a relatively 
It was used by the Divisien of Public Health Methods, Na- 
ational Health Survey in 1935-36.7 


= 
_ 
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son, Christie, and Geiger,’° and with the consensus of pediatric experience in 
dealing with children. Cardiac murmurs were found in a large number, 114 
(48.1 per cent) of the white children and in 62 (37.8 per cent) of the Negro 
children. These were judged to be unexplained or ‘‘functional’’ murmurs and 
were all systolic in time. The most common location was along the left sternal 
border, the next most common was in the apical region, and the least common 
was at the base, in the pulmonary area. Combinations of basal, apical, or left 
sternal border murmurs were encountered occasionally. Unexplained murmurs 
were heard more frequently in girls, both white and Negro, than in boys. 

Six children were found to have organic heart disease, an incidence of 1.5 
per cent. Four of these had rheumatic and two congenital heart disease. 
Therefore, the incidence of rheumatic and congenital heart disease in the school 
population was 1 per cent and 0.5 per cent, respectively. It is interesting to 
note that 33 per cent of the subjects with organic heart disease had congenital 
lesions. This is in contrast to other reports,!” * which gave figures of 10 to 
20 per cent, but is consistent with the reports of Sampson et al. and Sampson, 
Christie, and Geiger’ on the west coast. 

The children with congenital or rheumatic heart disease and the cardiac 
disease suspects were classified further according to the anatomical and etiolog- 
ical criteria of the Criteria Committee of the New York Heart Association.” 
The anatomical diagnoses were as follows: coarctation of the aorta, one case; 
aortic stenosis (congenital), one case; mitral insufficiency, three cases; and 
mitral stenosis and insufficiency, one case. Four children, two Negro and two 
white, who gave clear histories of rheumatic fever but had no physical findings 
of heart disease, were classified as having potential heart disease. Two white 
children and one colored child who had physical findings suggestive but not 
characteristic of heart disease and whose histories did not reveal any definite 
etiological factor were classified as having possible heart disease. 

The rheumatic fever rate was arrived at by including the four subjects 
classified as having potential heart disease, from whom histories of rheumatic 
fever were obtained, the three cases of mitral insufficiency, and the one ease 
of mitral stenosis and insufficiency. 

The incidence of rheumatic fever and heart disease for both white and 
Negro children is shown in Table V. The incidence rate of rheumatic fever 
for all children studied was two per cent, for whites 2.1 per cent, and for 
Negroes 1.82 per cent. The incidence rate of rheumatic heart disease for the 
school population, determined from three cases with mitral insufficiency and 
one case with mitral insufficiency and mitral stenosis was 1 per cent. The rate 
of rheumatic heart disease in the white children is 1.26 per cent and in the 
Negro children 0.60 per cent. 


TABLE V. PREVALENCE OF RHEUMATIC FEVER AND RHEUMATIC HEART DISEASE IN 401 DUBLIN, 
GEORGIA, CHILDREN 


WHITE | NEGRO | TOTAL 


Rheumatic Fever 5 (2.1%) 3 (1.82%) 8 (2.0%) 
Rheumatic Heart Disease 3 (1.26%) 1 (0.60%) 4 (1.0%) 
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DISCUSSION 


Factors of possible epidemiological importance in the five white children in 
the rheumatic fever group were as follows: Crowding was present in one 
home. Two children belonged to families with incomes below $1,000 yearly. 
and the other three were in the $1,000-$2,000 income group. There was no 
family history of rheumatic fever among these children, dampness was not 
present in their homes, and their diets were considered to be fairly adequate. 
All three Negro children belonged to families with incomes less than $1,000 
yearly, crowding was present in one home, dampness was not present in any 
home, there was no family history of rheumatic fever, and the diets of all 
three were considered to be inadequate in certain respects. 


The incidence of rheumatic heart disease (1 per cent) in Dublin, Georgia, is 
moderately high. Although the rheumatic heart disease rate in this community is 
not so high as in New England (2.2 per cent) or in Great Britain, it is higher 
than that found among the Indians of southern New Mexico (0.5 per cent)*’ and 
among school children in parts of northern California, including San Francisco 
(0.22 per cent) and Redlands (0.32 per cent). In a recent study of the school 
children in three climatically different communities of northern California, by 
Sampson et al.,° definite relations were found to exist between humidity, pre- 
cipitation, and temperature and the incidence of heart disease. Dublin has a 
rather high humidity and a high precipitation, but a warm climate; and, as 
might be expected, the incidence of rheumatic heart disease here lies between 
the extremes of that of Redlands (0.32 per cent), with a warm dry climate, and 
that of Eureka (2.04 per cent,) with a cool climate and a high precipitation. 
It compares closely with the incidence found in Susanville (1.09 per cent), a 
mountainous community with average humidity and precipitation but with 
wide extremes of average winter and summer temperature. Chavez'® found 
that, in Mexico, with its diversified but predominantly subtropical climate, 
rheumatic heart disease is as prevalent as it is in England and the northern 
part of the United States. In view of this observation it is not surprising to 
find a rather high incidence of rheumatic fever and rheumatic heart disease in 
Dublin with its humid, warm climate. Such important factors in the epi- 
demiology of rheumatic fever as low income, crowding, poor nutrition, and damp- 
ness all exist in Dublin and would lead one to expect that the incidence of rheu- 
matic fever would not be low. Christie? has pointed out that there is an un- 
usually high hospital incidence of rheumatic fever in northern California, but 
a low general incidence. It would appear that the hospital incidence in Dub- 
lin is very low-and the general incidence moderately high. None of the chil- 
dren with rheumatic heart disease or inactive rheumatic fever had ever been 
hospitalized for these illnesses, but three had consulted physicians. This sug- 
gests that the clinical manifestations of rheumatic fever in Dublin are rather 
benign, and agrees with the observation of Seegal, Seegal, and Jost,’® who 
determined that the yearly hospital admission rate for rheumatic fever jn 24 

‘United States hospitals decreased from latitude region 50 to 45 degrees to 
latitude region 34 to 29 degrees. However, the majority of the children in 


~ 
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Dublin were unable to afford hospitalization even if they had needed it. 
Mills*® states that the disease strikes most frequently in more stormy portions 
of the temperate zones and is a more violent form of the infection there. 

Rheumatic heart disease is the least common of the four major types of 
heart disease (hypertensive, arteriosclerotic, syphilitic, and rheumatic) which 
oceur in the southern part of the United States. This fact is evident from 
both clinical and pathologie studies.*" ** As in other parts of southern United 
States, in Dublin the incidence of rheumatic fever and rheumatic heart disease 
is lower in.Negroes than in white persons. No figures are available concerning 
the death rate for rheumatic heart disease in Dublin, but according to Hedley’ 
the death rates from heart disease were lower, especially . white persons from 
5 to 24 years of age, in the Deep South than for both races in the middle At- 
lantic and New England regions. 

The number of children included in this study is too small to permit wide 
conclusions to be drawn, but probably a general idea of the status of rheumatic 
fever in Dublin can be gathered from these figures. Larger and more com- 
prehensive studies are needed to obtain more extensive information on the inci- 
dence of rheumatic fever and rheumatic heart disease in the Southern States. 


CONCLUSIONS 


1. A cardiac survey of 401 school children in the fifth, sixth, seventh, and 
eighth grades in Dublin, Georgia, was made. 

2. Six cases of organic heart disease were found, giving an incidence of 
1.5 per cent. Of these, four had rheumatic heart disease and two had con- 
genital heart disease. 


3. The incidence of rheumatic heart disease was found to be 1 per cent 
for all children examined, 1.26 per cent for white children and 0.60 per cent 
for Negro children. 

4. The incidence of congenital heart disease was 0.5 per cent. 

5. The incidence of rheumatic fever was 2 per cent. The incidence in 
white children was 2.10 per cent and in Negro children 0.60 per cent. 

6. Climatologie and socioeconomic factors such as dampness, crowding, 
inadequate housing, malnutrition, and low economic status, which are very im- 
portant epidemiologically in rheumatic fever and rheumatic heart disease, were 
found to exist in Dublin, Georgia. 

7. Similar but more extensive studies are needed to determine more ac- 
eurately the incidence of rheumatic fever and rheumatic heart disease in diff- 
erent areas of the United States. 


The cooperation of many persons is necessary in a survey of this type. I wish to 
thank Dr. Amos Christie for valuable constructive criticism and suggestions; Commander 
B. E. Goodrich, who aided in the examination of some of the doubtful cases; Mr. 8S. H. 
Sherman, superintendent of schools for Dublin, Hospital Corps Waves Iva M. Barber 
PhM3/e and Edith M. Townsend PhM2/c, who gave valuable help during the examination 
of the children, and my wife, who gave generously of her time. 


242 AMERICAN HEART JOURNAL 


REFERENCES 


. Armstrong, D. B., and Wheatley, G. M.: Studies in Rheumatic Fever, New York, Nov., 


1944, Metropolitan Life Ins. Co. 


. Fenn, G. K., Kerr, W. J., Levy, R. L., Stroud, W. D., and White, P. D.: Re-Examina- 


tion of 4,994 Men Rejected for General Military Service Because of the Diagnosis 
of Cardiovascular Defects, AM. HEART J. 27: 435, 1944. 


3. Meakins, Jonathan C.: The Practice of Medicine, ed. 4, St. Louis, 1944, The C. V. 


Mosby Co. 


. Paul, J. R.: The Epidemiology of Rheumatic Fever, New York, 1943, Metropolitan 


Life Ins. Co. 


. Hedley, O. F.: Trends, Geographical and Racial Distribution of Mortality From Heart 


Disease Among Persons 5-24 Years of Age in the U. S. During Recent Years 
(1922-1936), Pub. Health Rep. 54: 2271, 1939. 


3. Hart, B. S.: History of Laurens County, Georgia, 1807-1941, Athens, Ga., McGregor 


Co. 
Personal communication from Sydney Maslen, Secretary, Committee on Housing, Com- 


munity Service Society of New York. 


. Sampson, J. J., Hahman, P. T., Halverson, W. T., and Shearer, M. C.: Incidence of 


Heart Disease and Rheumatic Fever in School Children in Three Climatically Dif- 
ferent California Communities, AM. HEART -J. 29: 178, 1945. 


. Christie, Amos: Rheumatic Fever in Northern California, AM. Heart J, 12: 153, 1936. 
. Sampson, J. J., Christie, Amos, and Geiger, J. C.: Incidence and Type of Heart Dis- 


ease in San Francisco School Children, AM. HEART J. 15: 661, 1935. 


. Holt and McIntosh: Diseases of Intaney and Childhood, ed. 11, New York, 1939, D. 


Appleton-Century Co. 


. Halsay, Robert H.: Heart Disease in Children of School Age, J. A. M. A. 77: 672, 1921. 
. Cahan, Jacob M.: The Incidence of Heart Disease in School Children, J. A. M. A. 92: 


1576, 1929. 


. Robey, William H.: A Cardiac Survey of Children in Boston Public Schools, Nation’s 


Health 9: 21, 1927. 


. Cohn, A. E.: Heart Disease From the Point of View of the Public Health, Am. HEart 


J. 2: 275, 1927. 


3. Criteria Committee of the New York Heart Association: Nomenclature and Criteria 


for Diagnosis of Diseases of the Heart, ed. 4, New York, 1943, New York Heart 
Association. 


. Paul, J. R., and Dixon, C. L.: Climate and Rheumatic Heart Disease, J. A. M. A. 108: 


2096, 1937. 


. Chavez, I.: The Incidence of Heart Disease in Mexico, AM. HEART J. 24: 88, 1942. 
. Seegal, David, Seegal, B. C., and Jost, E. L.: Comparative Study of Geographical Dis- 


tribution of Rheumatic Fever, Scarlet Fever, and Acute Glomerulonephritis in North 
America, Am. J. M. Se. 190: 383, 1935. 


. Mills, C. A.: Seasonal and Regional Factors in Acute Rheumatic Fever and Rheu- 


matic Heart Disease, J. Lab. & Clin. Med. 24: 53, 1938. 


21. Stone, C. T., and Vanzant, F. R.: Heart Disease as Seen in a Southern Clinic, J. A. 
M. A. 89: 1473, 1927. 
22. Paullin, J. F.: Discussion of the above paper of Stone and Vanzant, ibid. 


. Holoubek, Alice B.: Heart Disease in the South. I. Statistical Study of 1,045 Cardiac 


Deaths, AM. HEART J. 29: 168, 1945. 


24. Lawes, C. L.: Etiology of Heart Disease in Whites and Negroes in Tennessee, AM. 


Heart J. 8: 608, 1933. 


4 
EO 
9 
10 
12 
13 
17 
18 
19 
2 
23 


Clinical Reports 


ANOMALOUS ORIGIN OF THE LEFT CORONARY ARTERY FROM 
THE PULMONARY ARTERY; REPORT OF A CASE DIAGNOSED 
CLINICALLY AND CONFIRMED BY NECROPSY 


S. Ertow, M.D., anp ELEANOR R. MACKENZIE, M.D. 
MontTREAL, CANADA 


HE first recorded ease of a congenital circulatory defect in which the left coro- 

nary artery took anomalous origin from the pulmonary artery was described 
by Abrikosoff' in 1911. His observation concerned an infant, 5144 months old, 
who died of pneumonia and who disclosed at autopsy a large heart with myo- 
cardial fibrosis and aneurysmal dilatation of the left ventricle. Five years 
later, Heitzmann? reported an identical case and called attention to a striking 
similarity to the pathologic findings, observed in adults, which result from 
coronary sclerosis or occlusion. 

Sanes and Kenny,’ in 1939, reporting a case of their own and reviewing 
five other cases with this anomaly, concluded that the clinical features presented 
are as typical as are the pathologic changes and deplored the fact that in 
none of the reported cases was an accurate diagnosis made during life. They 
suggested that establishment of this cireulatory defect as a clinical entity would 
make ante-mortem diagnosis more likely. In their opinion the presence of this 
lesion should be suspected in patients presenting these characteristics. 

A survey of subsequent literature lends some support to this view. <A 
critical review of seventeen cases by Soloff,* in 1942, led him to the conclusion 
that the majority of patients with this lesion present a sufficiently characteristic 
clinical picture to make ante-mortem diagnosis possible. On the other hand, 
the ease reported by Proescher and Baumann’ in 1944 did not present clinical 
features which readily suggested this anomaly. While the series of cases is 
still too small for the definition of criteria for accurate diagnosis, all these 
observations emphasize the importance of recognizing the occurrence of cardiac 
pain in infants and indicate electrocardiographic and radiologic studies as 


valuable aids in clinical diagnosis. 


CASE REPORT 


Clinical History (by S. E.).—The patient was a female infant born at the Royal Vic- 
toria Montreal Maternity Hospital on Feb. 17, 1945. Delivery was at term and was entirely 
normal. The family includes two other children, the younger of which, aged 5 years, suffers 
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from bronchial asthma; the older child is normal. The father is alive and active. The mother, 
33 years of age, has enjoyed good health except that for the past five years, she has suffered 
from amenorrhea, going as long as two years without a menstrual flow. She consulted me on 
Sept. 14, 1944, because of an abdominal mass. When told that the abdominal tumor was 
indeed a pregnancy, she expressed a fear that, because conception had occurred following a 
period of amenorrhea of about three months’ duration, normal fetal development was unlikely. 
I assured her that this was not the case and that her fears were unfounded. However, im- 
mediately after delivery, I was called to see the newborn infant and thus had the opportunity 
of examining her at the age of only two days. 

Examination at this time revealed an apparently normal infant. There was no cyanosis. 
The heart was not enlarged and no murmurs or abnormal sounds were heard; the rhythm was 
normal, and the rate was 150 per minute. The lungs were resonant throughout, and no rales 
or abnormal breath sounds were audible. I felt justified in reassuring the mother that there 
was no evidence of any anomaly. Dr. 8. B. Shapiro then took charge of supervising the feed- 
ing and general care of the baby. 


A 1.—X-ray film shows heart outonget to the left and also to the right. Its middle 
oy = . is very rounded. There is evidence of partial atelectasis of the upper lobe of 
e rig ung. 


I saw the infant for the second time on May 24, 1945, because of peculiar paroxysms 
observed by the nurse who had been caring for the infant since May 10. She had been told 
that the patient was a normal and healthy infant; however, she noticed that the baby rarely 
ate well and seemed uncomfortable while taking her feedings. After taking about an ounce 
of formula, she would seem to choke and to have difficulty in breathing and then would rest 
for several minutes before resuming her feeding. Small frequent feedings were therefore 
resorted to. There was a good deal of wheezing, but vomiting was not a feature; the infant 
was restless at night. During these two weeks, the nurse had observed five paroxysms of 
‘¢shortness of breath, rapid pulse, flushed face which turned blue and then white, and profuse 
perspiration.’’ These attacks lasted from four to eighteen minutes, and left the infant ex- 
tremely weak. Dr. Shapiro was notified. He ordered an x-ray film of the chest, and, because 
of the history of bronchial asthma in the family, adopted treatment on the basis of a possible 
allergic manifestation. 
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Examination at this date revealed a 3-month-old infant, who apparently was normal 
in mental and physical development. The skin and mucous membranes were pale, but there 
was no cyanosis or clubbing of the fingers. The lungs were resonant throughout and no 
rales or abnormal breath sounds were heard. The heart, on percussion, revealed an increase 
in the area of cardiac dullness; the sounds, however, were normal and there were no murmurs; 
the rhythm was normal and the rate was 150 per minute. Posteroanterior and lateral x-ray 
films of the chest made at this time showed cardiac enlargement both to the left and to the 
right; the middle portion of the left border was unusually rounded. Partial atelectasis of the 
upper lobe of the right lung was also disclosed (Fig. 1). 


II 
III 
IV 


Fig. 2.—May 24, 1945. Normal rhythm. Rate, 150 to 167. P-R, 0.12 second. QRS, 
0.06 second. Normal axis. S-T interval depressed in Leads I and II. Inverted T in Leads 
I and II; upright T in Lead IV. Diphasic QRS in Lead III. 


The account given by the nurse of acute discomfort brought on by feeding, and of 
paroxysms of dyspnea, cyanosis, pallor, and sweating in the presence of a large heart, brought 
to mind the possibility of cardiac pain on the basis of an inadequate coronary blood supply, 
and I recalled reports in the literature of cases presenting a similar clinical picture. I took 
an electrocardiogram, which showed inversion of T waves in Leads I and II, no axis deviation, 
and an upright T wave in Lead IV (Fig. 2). This electrocardiogram was typical of coronary 
artery disease in the adult. 

Impression.—Episodes suggestive of cardiac pain, provoked by the effort of feeding and 
accompanied by dyspnea, cyanosis, pallor, and sweats, in the presence of an enlarged heart, 
together with an electrocardiogram showing inversion of T waves in Leads I and II, indicate 
an inadequate arterial blood supply to the heart muscle and constitute a syndrome strikingly 
suggestive of the clinical effects produced by anomalous origin of the. left coronary artery 
from the pulmonary artery. 
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June 20.—Since my preceding visit the distress accompanying feeding had become 
progressively worse; there was a good deal of wheezing and the paroxysms previously de- 
scribed were occurring even during rest. Examination revealed no new findings, except that 
the rate of increase in weight was retarded because of the difficulty in feeding; the heart 
appeared larger than on the previous examination four weeks earlier. 


The infant appeared bright, happy, and playful and throughout the examination kept 
smiling and cooing. But no sooner had the examination been completed than a sudden change 
came over her. The patient developed an anxious look and her eyes winced sharply as though 
she was in great pain. She attempted to cry, but the effort apparently added to her agony, 
and what might have been a crying spell broke up into a succession of short respiratory 
grunts. She remained immobile. There was dyspnea, tachycardia, cyanosis, and then pallor, 
resulting in an ashen-gray countenance; perspiration stood out in beads on. her forehead. 


Fig. 3. Fig. 4. 


Fig. 3.—Right ventricle opened to show the orifice of the anomalous coronary vessel 
above the posterior cusp of the pulmonary valve. Note the normal appearance of the right 
ventricular myocardium and endocardium. 

Fig. 4.—Left ventricle opened to show the single coronary orifice above the anterior 
aortic leaflet. The fibrotic appearance of the inner half of the myocardium may be seen. The 
ey of the wall and dilatation of the chamber are obvious as is the thickening of the 
endocardium. 


A profound transformation had occurred; the placid infant of only a few minutes before 
had taken on the expression of a wizened old woman. The attack lasted eight minutes and 
left the infant completely limp, her entire body covered with cold sweat. 

The paroxysm I had just witnessed was similar to those often observed during the 
acute phase of a coronary attack. There was no question in my mind that my little patient 
had just experienced a severe attack of cardiac pain. 

June 26.—The temperature rose to 101° F.; the patient developed a cough and a nasal 
discharge. Dr. Shapiro found signs suggesting pneumonia. 

June 27.—The temperature rose to 103° F. X-ray examination confirmed the presence 
of pneumonia. The patient died at 6:45 P.M. 
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Clinical Diagnosis——(1) Anomalous origin of the left coronary artery from the pul- 
monary artery; (2) pneumonia. 

Pathologic Findings (by E. R. M.).—A necropsy was performed three hours after death 
at the Children’s Memorial Hospital. The body was that of a moderately well-developed and 
well-nourished female infant, presenting no notable external abnormalities. On opening the 
thorax, the heart presented tremendous enlargement to the left and practically obscured the 
left lung. The right upper lobe was completely atelectatic and the right middle lobe was 
markedly emphysematous. Patchy areas of pnemonic consolidation were present in the left 
lung and in the right lower lobe. 


Fig. 5.—Photomicrograph (X100) of left ventricular myocardium showing extensive fibrosis. 


Further examination of the heart revealed dilatation of both ventricles and auricles, 
but particularly of the left ventricle. The weight was 85.3 grams as compared with an average 
normal for this age of 27 grams. The measurements of the heart were: mitral valve, 5.1 em.; 
aortic valve, 2.8 em.; tricuspid valve, 5 cm.; pulmonary valve, 4 cm.; left ventricular wall, 
0.2 to 0.8 em.; and right ventricular wall, 0.1 to 0.2 centimeters. The ductus arteriosus was 
closed. The right coronary artery arose in its usual manner from the sinus of Valsalva of the 
anterior aortic leaflet and followed the usual course of the normal right coronary artery to 
supply the right ventricle and a small part of the right border of the left ventricle. No 
coronary artery orifice was present above the left posterior cusp. The left coronary artery 
arose from the pulmonary artery in the sinus of Valsalva just above the posterior cusp of the 
pulmonary valve and thence pursued its normal course to divide into a circumflex branch and 
an anterior descending branch. This vessel supplied the left ventricle alone as far as could 
be determined by dissection with fine scissors. 

The left ventricle presented hypertrophy of its walls, and on section the inner third 
of the myocardium was gray and fibrotic in appearance. The chamber was markedly dilated. 
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The endocardium of the left ventricle was thickened and opaque throughout. The myocardium 
and endocardium of the right ventricle appeared normal (Figs. 3 and 4). 

Histologic examination revealed fairly extensive scarring of the myocardium of the left 
ventricle, particularly of the inner half, associated with atrophy and vacuolation of the muscle 
fibers. The endocardi#m was thickened and fibrotic. No embryonic sinusoids were present. 

The smaller coronary artery branches showed slight thickening of the media of the vessel 
wall by scar tissue, but no endarteritis obliterans was present (Fig. 5). 

Other viscera presented no abnormalities. 


DISCUSSION 


In six of the cases recorded in the literature, individuals with this anomaly 
have attained adult life. Abbott’s® case concerned a woman, 64 years of age, 
who died accidentally. At autopsy it was found that the descending branch of 
the left coronary artery expanded into a large sinus, 2 em. in diameter, which 
communicated with thick-walled vessels behind it. The most recent record’ of 
an individual reaching adult life was that of a man 30 years of age. Autopsy 
in this case revealed no myocardial fibrosis, a phenomenon which was attributed 
to a compensatory arterial supply by the right coronary artery, as demonstrated 
by a dilatation of the right coronary artery and by accessory distribution of the 
distal end of the right coronary beyond the interventricular septum and into the 
ventricular muscle; the area normally supplied by the cireumflex branch of 
the left coronary artery. However, such remarkable anastomoses between the 
coronary arteries, or between the left coronary artery and the left ventricular 
cavity, do not occur in the majority of cases with this circulatory defect; 
death within the first year is therefore the usual outcome. The recognition of 
this anomaly during life is therefore very important from the point of view 
of prognosis, so that expectation of life and serious impending consequences may 
be fully appreciated. 

The case here recorded conforms in its clinical features to those presented 
by the majority of the cases reported. The clinical diagnosis was based on 
paroxysms of cardiac pain suggesting angina pectoris, marked enlargement of 
the heart, and an electrocardiogram of the type associated with coronary artery 
disease. A search of the literature yields very meager information regarding 
electrocardiographie studies. The only electrocardiogram on record is the one 
taken by Bland, White, and Garland’ in a patient who revealed this cireulatory 
defect at necropsy ; the tracing showed a normal axis with inversion of T waves. 
On the other hand, the electrocardiogram of a patient with idiopathic congenital 
hypertrophy of the heart® was normal. Full use was made of this information. 
The electrocardiogram of our patient closely resembled that taken by Bland 
and his co-workers, and helped considerably in the differential diagnosis. 

Pulmonary atelectasis, a feature of this case, has been recorded in other 
eases and is probably secondary to the hypertrophy and dilatation of the heart. 
It is worth noting that, consistent with the majority of cases reported, our 
patient appeared normal at birth. No adequate explanation has thus far been 
advanced to explain the absence of symptoms during the early weeks of life. 
One may speculate that the blood supply to the myocardium may be adequate 
when activity is at a minimum. Another explanation suggested’ is that a slight 
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patency of the ductus arteriosus, which may have escaped occlusion in the early 
weeks of life, permits a mixture of arterial with venous blood in the pulmonary 


artery. 
SUMMARY 


A ease is presented of anomalous origin of the left coronary artery from 
the pulmonary artery in which the condition was diagnosed during life. The 
diagnosis was made on the following observations: paroxysms of cardiae pain 
characterized by sweating, pallor, cyanosis, and dyspnea; great enlargement 
of the heart both clinically and by x-ray examination; and electrocardiograms 
showing inversion of the T waves in Leads I and II. These constitute a syn- 
drome indicating inadequate arterial blood supply to the heart musele. The 
clinical diagnosis was confirmed by necropsy which revealed a left coronary 
artery arising from the pulmonary artery and supplying the left ventricle alone. 
No anastomotic coronary circulation existed. 
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COMBINED SULFONAMIDE AND DIPHTHERITIC MYOCARDITIS 
IN CUTANEOUS DIPHTHERIA 


RALPH C, GREENE, M.D. 
Mempuis, TENN. 


LTHOUGH mentioned in all standard works, cutaneous diphtheria with 
resulting fatal myocarditis is rarely seen in modern practice. Since the 
onset of this war, only a few reports, not yet prepared for publication, have 
appeared from military sources. The* purpose of this paper is to place on 
record a ease in which the myocardial damage of diphtheria toxin was com- 


bined with an inflammatory lesion caused by sulfonamides. 


REPORT OF A CASE 


A 21-year-old soldier, who had been in the service for three years, was 


admitted to our station hospital in England on Nov. 15, 1943, several days 
after having been transferred from Sicily. He complained of epigastric pain, 
dark urine, clay colored stools, anorexia, vomiting, and a mild cough. +All of 
these symptoms had been present for one week. Four days after this onset, 


he developed generalized icterus and the other symptoms abated. He stated 
that three weeks previously he noticed a lesion having the appearance of a 
small abrasion approximately 14 inch long on the middle phalanx of the right 
index finger. This had become larger, until, on admission, it was an eleva- 
tion 34 inch in diameter and slightly tender. It was covered with epithelium 
with no break in the skin surface. The patient was not acutely ill. His tem- 


The liver could 


perature and pulse were normal. His skin was deeply icteric. 
The spleen 


be felt 1 fingerbreadth below the costal margin and was tender. 
could not be felt. 

The patient was put on routine icterus therapy, consisting of a high- 
earbohydrate, low-fat, high-vitamin diet with bed rest. A surgical consulta- 
tion was ordered. After examination, the surgeons reported a spreading 
infection with lymphangitis, which in several days was tender and palpable. 
The fluetuant mass was incised and only a thin serous fluid exuded. Hot wet 
dressings were applied. Two days after incision the patient’s temperature 
rose to 103° F. and the right axillary nodes became more tender and swollen. 
Despite the administration of 1 Gm. of sulfadiazine every four hours for nine 
days, the cutaneous lesion did not heal; the adenitis persisted and he continued 
to run a septic course. On Dee. 1, 1943, two weeks after his admission, and 
five weeks after the skin lesion was noticed, the patient suddenly developed 
clonic convulsions and lost consciousness. The pulse was regular and feeble. 
but the rate was found to be only 17 per minute. The systolie blood pressure 
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was 70 mm. and the diastolic pressure could not be obtained. In a few min- 
utes. he regained consciousness. Although he was rational and oriented, his 
skin was cold and clammy, he was cyanotic, and the heartbeat continued to 
be slow. 

Electrocardiographie studies revealed an auricular rate of 120 and a ven- 
tricular rate of 30. There was complete A-V block.. The axis was deviated to 
the left. The duration of the QRS complex was 0.14 second. The P waves 
were upright in Lead I and diphasie in Leads II and III. The QRS complexes 
were slurred in all leads and describetl as being of the ‘‘S’’ type in Leads T, 
II, and III. The T waves were upright in the three indirect leads. A chest 
lead, taken at Position 4, showed ani initial upward deflection followed by an 
inverted T wave. 

The smears and cultures of the discharge from the skin lesion revealed 
diphtheria bacilli, the virulence of which was later confirmed by animal] in- 
oculations. The white blood cells were 15,450 with a normal differential 
eount. During the next few days the patient’s pulse rate varied between 39 . 
and 60 and the blood pressure was approximately 100/60. Sixty thousand 
units of diphtheria antitoxin were administered immediately after the diag- 
nosis of diphtheria was made. The patient was given adrenalin and ephedrine 
in small doses, but he remained extremely weak and cyanotie with cold pers- 
piration and severe nausea. His pulse reverted to a regular rate of 30 two 
days after the first Stokes-Adams seizure. The first heart sound was noted 
to be very variable in intensity. Again, during this day he suddenly developed 
eeneralized clonic convulsions, became comatose, and expired. 

Post-Mortem Findings.—Autopsy, two hours after death, disclosed that the 
index finger of the right hand was markedly swollen and covered by a bluish 
mottled discoloration and epidermal desquamation. Over the middle portion 
of this area was an unhealed incision enerusted with old blood. The axillary 
lymph nodes were enlarged to pea and almond sizes. 

The heart was of normal size and weight with no obvious softness. The 
myocardium appeared normal on gross examination. The coronary arteries 
were patent and showed no evidence of sclerosis. 

The lungs were crepitant throughout. Some frothy exudation was seen 
on the cut surface. 

The liver was enlarged and about 50 per cent heavier than the normal. 
It was distinctly darker than usual upon the external and cut surfaces. The 
hepatic lobulation was increased in distinctness. There were no areas of de- 
generation or discoloration. 

The glands surrounding the anterior fold of the epiploic foramen were 
greatly enlarged and measured 1 to 2 em. in diameter. They were soft and 
elastic in consistency. Their cut surfaces showed an increased prominence 
of the lymphoid follicles. 

The spleen was enlarged to twice its usual size and was firm in consistency. 
The capsule was tense and of a dark slate blue color. The cut surface showed 
normal markings. The pulp scraped easily and was dark red and velvety in 
appearance. The splenic arteries and veins were patent. 
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Fig. 3A4.—Granulomatous insterstitial lesion, high power. Note the large pale mono- 
nuclear cells characteristic of ‘“‘sulfa’’ medication. (U. S. Army Medical Museum, Negative 
87714.) 


Fig. 3B.—Myocardial interstitial lesion, high power. The large mononuclear cells 
of sulfonamide myocarditis. (u. S. Army Medical Museum, Negative 
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The mesenteric lymph nodes were enlarged to almond size and in all re- 
spects resembled those seen surrounding the bile ducts in the anterior fold 
of the epiploic foramen. 


Fig. 4.—Myocardium, showing diffuse lesion with degeneration, fragmentation, and interstitial 
infiltration. (U. S. Army Medical Museum, Negative 87712.) 


Microscopic Observations.—A section through the cutaneous lesion in the 
right index finger showed ulceration, hemorrhage and an acute inflammatory 
exudate containing numerous polymorphonuclears. Many collections of blue- 
staining bacterial colonies could be seen on and near the surface. Under higher 
power these were revealed to vary in size and to be rod-shaped and trans- 
versely banded, with a tendency toward clubbing. 

A section through the right ventricle of the heart showed diffuse cloudy 
swelling. Simple necrosis, Zenker’s necrosis and granular degeneration of the 
myocardium were present in various areas. Many of the cardiac muscle fibers 
were replaced by new fibrous connective tissue and others were broken up into 
hyaline masses. The interstitial tissue contained an infiltration of large mono- 
nuclear cells with a smaller proportion of polymorphonuclears. Many of these 
mononuclears were large and pale and contained eosinophilic cytoplasm. Their 
nuclei were large and vesicular. Section through the wall of the left ventricle 
revealed a more striking picture with greater necrosis and fragmentation of 
the heart muscle and the interstitial infiltration being so marked as to con- 
stitute a granulomatous lesion. 

There were considerable bilateral pulmonary congestion and atelectasis, 
with mononuclear infiltration and thickening of the alveolar septae. There 
were numerous pigment-laden macrophages in the alveoli. 


GREENE: COMBINED SULFONAMIDE AND DIPHTHERITIC MYOCARDITIS 255 


The liver sections showed varying degrees of central atrophy and degen- 
eration and considerable congestion of the central vein and sinusoids. The 
portal spaces contained a heavy infiltration of round cells and polymorphonu- 
elear leucocytes. 

The germinal centers of the spleen showed enlargement and early focal 
necrosis. There was a reticulo-endothelial proliferation in the follicles. The 
splenic sinusoids were dilated and congested with red blood cells. The en- 
larged lymph nodes also showed reticulo-endothelial hyperplasia in the germi- 
nal centers as well as in the intervening medullary cords. Many polymor- 
phonuclears were present in the sinusoids. 

The anatomic diagnoses were: cutaneous diphtheria and wound of the 
right index finger; acute diphtheritic and sulfonamide myocarditis; acute infec- 
tious hepatis; pulmonary edema and atelectasis; acute toxie mesenteric lym- 
phadenitis ; and chronic passive congestion of liver and spleen. 


COMMENT 


Chin and Huang,' in their definitive review of the literature, report that 
the majority of investigators of diphtheritic myocarditis find mainly an in- 
volvement of the cardiac parenchyma. Others, however, report an interstitial 
inflammation. There is no united opinion regarding the sequence of these 
changes. Most consider the interstitial changes to be a reaction secondary 
to the parenchymatous lesion, with the inflammatory cellular reaction and con- 


nective tissue proliferation limited to areas where the myocardium is under- 
going necrosis. Cases, however, have been reported of independent interstitial 
inflammation, unassociated with a parenchymatous lesion.* ® 

Burkhardt, Eggleston, and Smith,? who studied 140 cases of diphtheritic 
myocarditis, found that 28 had electrocardiographie changes. Fourteen of 
these died, even though large doses of antitoxin were administered, on or 
before the fourth day of illness. All of these patients had conduction changes, 
eleven being .auriculoventricular dissociation. Only three patients with con- 
duction changes survived, and all with auriculoventricular dissociation suc- 
eumbed. They report histologic changes progressing through edema, conges- 
tion, cellular infiltration, degenerative changes and fibrosis. 

A new type of interstitial myocarditis, has been reported recently by 
French and Weller.* They found that out of 283 patients who received large 
quantities of sulfonamides and later came to necropsy, 126 had myocarditis. 
There was a perivascular and diffuse infiltration with large clasmatocytic mono- 
nuclears and other cells with granular acidophilic cytoplasm. A similar type of 
myocarditis was experimentally produced by them in rats and mice. 

In a series of 51 cases of diphtheria occurring consecutively among Ger- 
man Prisoners of War from North Africa, seven developed myocarditis. Only 
four had cutaneous diphtheria and one of these had involvement of the myocar- 
dium. All of the patients with cardiac signs had received sulfonamides, and 
all recovered. 
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SUMMARY 


A study of this case history with its pathologie findings leads to the con- 
clusion that the myocardial changes were due to a combination of sulfonamides 
and diphtheria toxin. The original lesion was not characteristic of wound 
diphtheritis,® as it was covered by epithelium and was phlegmonous in character. 
One must presume that the Bacillus diphtheriae was a secondary invader intro- 
duced perhaps during the surgical intervention, as suggested by a personal 
communication from Dr. C. V. Weller, who feels that such an atypical lesion 
could be explained in this manner. 

The cloudy swelling, simple necrosis, and granular fragmentation of the 
myocardium is characteristic of diphtheritic myocarditis. In part, the inter- 
stitial reaction, the round cell and polymorphonuclear infiltrations, and the 
fibroblastic proliferation are subsidiary to these diphtheritie effects. It is cer- 
tain, however, that additional changes in kind and degree were induced by 
sulfonamide medication; the large pale mononuclear cells with eosinophilic 
eytoplasm are considered to be representative. It is not, however, possible 
to assess accurately the added influence of the lesion produced by the drug in 
-ausing the fatal termination. 

The impression remains that the usual hazards of sulfonamide therapy 
are increased when the heart is already damaged by diphtheria or other toxins. 
In the course of such treatment it is necessary to evaluate, at frequent inter- 
vals the state of the cardiovascular system as well as to limit medication to 


the quantity consistent with favorable results. 
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PAROXYSMAL VENTRICULAR TACHYCARDIA FOLLOWED BY 
ELECTROCARDIOGRAPHIC SYNDROME 


A Report or A 


LIEUTENANT COLONEL LESLIE B. M.C. 
ARMY OF THE UNITED STATES 


TRIKING electrocardiographic alterations may persist for a long period of 

time after an attack of paroxysmal tachyeardia in individuals who do not 
have evidence of structural heart disease. These changes are most prominent 
following paroxysms of ventricular tachyeardia and consist of depression of the 
S-T segments, lowering or inversion of the T waves, and prolongation of the Q-T 
interval. This phenomenon has not been generally recognized. 

Graybiel and White’ (1934) were probably the first to call attention to the 
fact that there may be an inversion of T waves which gradually return to normal 
following paroxysmal taechyeardia in individuals who do not have other evi- 
dences of heart disease. Burak and Scherf? (1933) reported that after an attack 
of persistent paroxysmal tachycardia the electrocardiogram may for several 
hours show negative T waves, lowered S-T segment, and alterations of the initial 
deflections. 

These electrocardiographic changes may be misinterpreted as indicative of 
serious heart diseases, such as coronary occlusion, coronary thrombosis, myo- 
cardial strain, cardiac damage caused by the tachycardia (anoxia, exhaustion), 
toxic myocarditis, and pericarditis; or the changes may be ascribed to quinidine 
or digitalis intoxication. 

The only review of this subject to date was that of Cossio, Vedoya, and 
Bereonsky,*® which appeared in the Argentine literature. They discussed their 
findings after analyzing twenty-two cases. It is the purpose of this paper to 
supplement their discussion, cite the three cases subsequently reported by Zim- 
merman,‘ and report an additional case. 


CASE REPORT 


First Admission.—A 23-year-old man of Mexican and Indian extraction was admitted 
to the hospital on Oct. 6, 1944, complaining of a head cold and cough of four days’ duration. 

He did not recall having had any illness in the past, even in childhood. Closer ques- 
tioning revealed that five years previously he had an attack of ‘‘gas on my stomach which 
pushed up on my heart and tended to shut off my Wind. This spell lasted only a few hours 
and stopped suddenly after the doctor gave me some white medicine.’’ During the previous 
three years he had had two similar attacks, each lasting ten minutes. 

The present illness began four days before admission with a ‘‘head cold’’ and a 
little sore throat and cough, which did not interfere with his participation in the rigorous 
military training. The morning before, while engaged in strenuous physical activity, he 
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experienced a burning sensation across the front of his chest which was aggravated by deep 
breathing and coughing. He felt weak and shaky and noted chilly sensations, headache, 


and malaise. 
At the time of admission the patient was comfortable and did not appear to be very ill. 


The temperature was 101.2° F., the apical heart rate was approximately 190 per minute, 
and the blood pressure was 90/70. There were numerous asthmatoid rales heard in the bases 
of both lungs, with a few moist rales in the left base. There were no other abnormal physical find- 
ings. The leucocyte count was 15,780 per cubic millimeter with 75 per cent polymorpho- 
nuclears cells. An x-ray film of the chest revealed a moderate-sized area of pneumonia in 
the medial portion of the right lower lobe. An electrocardiogram (Fig 1, 4) showed a 
ventricular tachyeardia with a ventricular rate of 159 and an auricular rate of 80 per minute. 
The duration of the QRS complex was 0.10 to 0.11 second; all of the limb leads showed deep 
and slurred S waves. The only major deflection in CF, was upright. 

The temperature was normal four hours after admission and was not significantly 
elevated during the remainder of the illness. 


Fig. 1.—Serial electrocardiograms made during first hospital admission. See text for description. 


Repeated attempts to stop the tachycardia by ocular pressure and massage of the 
carotid sinuses were unsuccessful. A test dose of 2 grains of quinidine sulfate was given. 
He was then given 4 grains of quinidine sulfate every three hours for four doses. 

The second day the tachycardia persisted and the dose of quinidine was increased to 
6 grains every two hours for an additional five doses. Then 10 c.c. of calcium guleate were 
given intravenously without affecting the heart rate. The electrocardiogram was essentially 
unchanged. Type 32 pneumococci were found in the sputum. Asthmatoid rales were present 
in the chest, but there were no other abnormal physical findings. These findings remained 
unchanged during the third day. Because of the pneumonitis and the tachycardia the patient 
was placed in an oxygen tent. 

During the fourth day he complained oi smothering sensations and inability to get his 
breath. He became less dyspneic in an oxygen tent. There was moderate distention of the 
neck veins. Early in the day the left lobe of the liver was found to be enlarged and 
tender, and several hours later the right lobe had become palpable and tender. .The pulse 
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rate remained approximately 160 per minute and the blood pressure was 86/70. Quinidine 
therapy was again instituted in doses of 6 grains every hour for four doses, then 6 grains 
every two hours. After the third dose of quinidine, %4 grain of morphine sulfate was given. 
This medication was supplemented with 4 drams of ipecac, which induced vomiting without 
altering the heart rate. Electrocardiograms (Fig. 1, B) made this day showed a ventricular 
rate of 162 per minute, an auricular rate of 80 per minute, a QRS interval of 0.12 second, 
deep and slurred S waves in the limb leads, and inversion of the T waves in Leads II, 
III, and IV. 

The next morning the pulse rate was 154 per minute, and thirty minutes later the rate 
was 84 per minute. Seventy-eight grains of quinidine sulfate were given during the twenty- 
four-hour period preceding the change to normal rhythm. An electrocardiogram (Fig. 1, C) 
recorded approximately thirty minutes after cessation of the tachycardia showed a QRS 
interval of 0.08 second, marked depression of the S-T segments in Leads II and III, 
wide and deeply inverted T waves in the limb and precordial leads, and a Q-T interval 
of 0.558 second. Another electrocardiogram taken three hours later was essentially the 
same. During the first day of normal rhythm, the patient was no longer dyspneic and there 
was a marked clearing of the rales in both lungs. Quinidine medication was discontinued 
for six hours, then 11%4 grains were given every four hours for seven doses. 


i 


Fig. 2.—Serial electrocardiograms made during first hospital admission. See text for description. 


The next day he complained of a mild headache, right earache, and deafness in the 
right ear. The liver was no longer enlarged or tender. The temperature was normal and 
the leucocyte count was 10,000 per cubic centimeter with 80 per cent polymorphonuclear cells. 
There was some injection cf the right eardrum, and sulfadiazine was given in 1 Gm. doses 
every four hours for nine days. A diagnosis of nonsuppurative otitis media was made. 
These symptoms subsided rapidly, and the temperature remained normal. 


On the eleventh day a roentgenogram showed almost complete clearing of the pneumonic 
process, The patient continued to be free of symptoms, and the physical examination revealed 
no abnormal findings. Because of our uncertainty as to the significance of the electrocardio- 
graphic changes, he was kept in bed until the twenty-first day, when graduated exercises 
were begun. At this time the electrocardiogram (Fig. 2, B) showed diphasie T,, T,, and T, 
and deep inversion of T,. 
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The convalescence continued to be uneventful, and physical findings were normal 
except for persistence of coarse rifles in the base of the right lung. Frequent examination 
failed to elicit a frietion rub or cardiae murmurs. A teleroentgenogram on the nineteenth 
day and a fluoroscopic examination on the sixty-fifth day were normal. He was transferred to 
the rehabilitation facility on the seventy-first day, where he remained asymptomatic. One 
hundred five days after admission, electrocardiograms made immediately after one and 
one-half minutes of stationary running, and thereafter at intervals of five, ten, fifteen, and 
twenty minutes, showed no changes in any portion of the complexes. 

Second Admission.—Following the first admission he did duty as a cook, working 
twenty-four-hour shifts with twenty-four hours off duty between the shifts. He stated that 
he had felt well, and that the work did not fatigue him. 

Fifteen hours prior to this admission, following the consumption of a ‘‘large amount 
of beer and a few whiskies,’’ he noted a sudden onset of a burning sensation in the region 
of the sternum, a slight choking sensation at the base of his neck, and a pulse rate which 
he said was too fast to count. He had slept poorly that night, but reported for duty at 
#:30 A.M. In about six hours he became too weak to continue his duties and was sent to 


the hospital. 


MAR 45 12 MAR 45 MAR 45 
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Fig. 3.—Serial electrocardiograms made during second hospital admission. The tracings are 
described in the text. 


At the time of admission he complained only of a mild burning sensation, located 
under the sternum, and a slight choking sensation. Examination revealed an irregular pulse 
with a rate of 170 per minute, with a tic-tae rhythm heard at the apex. The blood pressure 
was 94/80. There were no other abnormal findings. An electrocardiogram (Fig. 3, A) 
revealed a ventricular tachycardia with a ventricular rate of 150 per minute and an 
auricular rate of 98 per minute. The complexes were virtually the same as those during the 
first attack, and showed the deep and slurred S waves in all limb leads. He was aware that 
his heart rate had returned to normal following six hours of quinidine medication, during 
which time he received 19% grains. An electrocardiogram (Fig. 3, B) taken two hours 
after the return of normal rhythm showed a diphasic T,, inverted T,, T,, and T,, slight 
elevation of S-T, and S-T,, and a depression of S-T., and S-T,,. 

The patient felt perfectly well during this stay in the hospital. He was kept at 
bed rest for four days. There were no evidences of heart disease or of other abnormal find- 
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ings. The blood counts, urinalysis, and sedimentation rates were normal. There was a 
gradual evolution of the electrocardiogram (Fig. 3) to normal on the fifteenth day, and 
the patient was returned to limited duty. 

Third Admission—He had been well since the last admission except that on two 
occasions, two months and one month before, he had noted periods of burning in the left 
side of the chest, with irregular heart action lasting one and one-half to two hours. 

At 11:00 A.M. on the day before admission he noted a burning sensation, which he 
located at the level of the xiphoid process, and was aware of an irregular and fast heart 
action. There were no unusual circumstances preceding this attack. At the time of admission 
his complaints were minimal, and there were no abnormal physical findings except the tachy- 
eardia. The ventricular rate was 160 and the blood pressure was 90/70. The leucocyte 
count, urinalysis, and blood sedimentation rates were normal. An electrocardiogram (Fig. 
4, A) showed ventricular tachyeardia with a ventricular rate of 160 per minute and an 
auricular rate of 80 per minute. This attack terminated spontaneously after a total duration 


June 45 jo 45. 


Fig. 4.—Serial electrocardiograms made during the third hospital admission. The tracings are 
described in the text. There is a reversal of polarity in Lead III of tracing A. 


of twenty-four hours. An electrocardiogram (Fig 4, B) taken one hour after the return of 
normal rhythm showed slight elevation of S-T, and S-T,, depression of S-T,, with inversion 
of T, and T,. This electrocardiogram resembles that of a posterior infarction. The next day 
(Fig 4, C) the elevation of S-T, and 8-T, was not as prominent, and the T-wave inversions 
were deeper. Two days later the T-wave inversions were less prominent; on the eighth 
day the T waves were all upright, and on the thirteenth day the voltage of the T waves 
was normal. The temperature, the leucocyte count, and the blood sedimentation rate during 
this admission remained normal, and the patient was discharged to limited duty on the 
fourteenth day. 

Ten days after the third admission he had an attack which lasted two hours. Electro- 
‘ardiograms taken the following day and three days later were normal, A teleroentgenogram 


was normal. 
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Case Summary.—A 23-year-old man was admitted to the hospital three 
times during attacks of ventricular tachyeardia. The past history disclosed 
that during the previous five years he had symptoms which in view of the present 
findings were interpreted to represent three short attacks of paroxysmal tachy- 
cardia. The first attack observed by us lasted four days. This attack was asso- 
ciated with a ‘‘eold’’ and pneumonitis, which was diagnosed as mild atypical 
pneumonia, etiology undetermined. During the fourth day of this attack there 
was definite evidence of heart failure which cleared promptly following the 
cessation of the paroxysm. Seventy-eight grains of quinidine sulfate were ad- 
ministered during the twenty-four-hour period preceding the termination of the 
ninety-six-hour paroxysm. There were no evidences of structural heart disease. 

The posttachyeardial electrocardiographic manifestations were of unusual 
interest. After the cessation of the attack the T waves were deeply inverted in 
all leads, with depression of the S-T segment in Leads II and III and prolonga- 
tion of the Q-T interval. At first these changes were thought possibly to repre- 
sent quinidine intoxication; however, these abnormalities persisted long after 
the action of quinidine had subsided. Serial electrocardiograms (Figs. 1 and 2) 
showed persistence of the abnormal changes, with a gradual return to normal 
in fifty-seven days. The patient felt well during the period of observation, except 
during the fourth day when heart failure was present and during the days of 
eatarrhal otitis media. At no time after the cessation of the tachycardia were 
there any abnormal cardiac findings, and the laboratory findings were normal. 
Although the clinical findings did not substantiate a diagnosis of structural heart 
disease, various diagnostic impressions were offered by observers and reviewers. 
These included myocardial infaretion or decrease in circulation due to obstrue- 
tion in a possible anomalous coronary system’ and toxie changes in the myo- 
eardium secondary to acute infection. The author, at first, was of the opinion 
that the electrocardiographic manifestations, although atypical, were due to a 
pericarditis associated with the pneumonie process in the left lower lobe. A 
definite final diagnosis was not established, but it was decided at the time of 
discharge that structural heart disease was not present. 

ihe second paroxysm of tachyeardia, which lasted twenty-one hours, was 
possibly precipitated by alcoholic excess. The posttachyeardial changes were 
not as marked as during the first attack and returned to normal more rapidly 
(fifteen days). The patient had had two short paroxysms between the second 
and third admission. The third observed attack of ventricular tachyeardia 
lasted twenty-six hours before it terminated, spontaneously. The electrocardio- 
graphie changes this time did not include depression of S-Ts and S-T; or nega- 
tivity of T;, and there was a return to normal in twelve days. 

It is thought that this series of electrocardiograms are representative of a 
postparoxysmal ventricular tachyeardial syndrome. The sequence of the electro- 
eardiographie changes are in keeping with the postulates of Cossio, Vedoya, and 
Bereonsky.’ Figs. 1 and 2 show a ventricular tachyeardia with deep and slurred 
S waves in the limb leads. This would indicate an automatic ventricular focus 
located some place in the lateral portion of the left ventricle giving rise to a post- 
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tachycardia] electrocardiogram of predominant T; (T3 and T2) type with some 
negativity of T;. Fig. 2 is of the same T; type, but has less prominent T, 
changes, which may indicate that the focus was more posterior. The T waves 
in Lead I are positive in the posttachycardial electrocardiograms (Fig. 4) taken 
after the third attack. These electrocardiograms may be interpreted as indicat- 
ing that the focus was more posterior than it was during the previous two 
attacks. 

The difference in the degree of the changes in the three series of electro- 
cardiograms is probably not directly related to the duration of the paroxysm. 
The duration of the third paroxysm showing no T, or Ty changes was longer, 
twenty-six hours, than that of the second paroxysm, twenty-one hours, in which 
T; was definitely negative. 

DISCUSSION 

The electrocardiographie syndrome following paroxysmal tachyeardia con- 
sists of changes in (1) the T waves, (2) the S-T segments, and (3) the duration 
of the Q-T interval. The most characteristic T waves are those which are deeply 
inverted, with a broad base and almost equal limbs. However, these may vary 
in degree from simple reduction in voltage to varying depths of inversion of the 
T waves. These changes may be present in all three limb leads, Lead I or 
Leads I and II (T, type), or Lead IIT or Leads IT and III (T, type). Negative 
T waves in all three limb leads was a predominent finding in two of the twenty- 
two cases previously reviewed,° and in the author’s ease (Fig. 1). 

The S-T segments are usually depressed in one or more leads (Fig. 1, B). 
These S-T depressions are most prominent in the same leads which have the 
most marked T-wave inversions. Another feature is that the T-wave changes 
usually persist for a long period: six to sixty days.**»7 A slight reciprocal eleva- 
tion of the S-T segment in the opposite limb lead may oceasionally be present 
(Fig. 4, B). Prolongation of the Q-T interval is common. 

Although paroxysmal tachyeardias of auricular origin occur more than 
ten times,® ® as frequently as those of ventricular origin, only two eases of pure 
auricular paroxysmal tachycardia have been reported in which there were some 
alterations in the posttachyecardial electrocardiograms. In one of these two 
cases, that reported by Zimmerman,‘ the T-wave changes were minimal; there 
were no depressions in the S-T segments, and the abnormality lasted less than 
two days. Two of the other six reported cases of supraventricular origin had 
aberrant ventricular complexes, and the other four cases showed the Wolf- 
Parkinson-White syndrome. There are now nineteen cases on record in which 
this syndrome followed paroxysmal ventricular tachycardia. These electro- 
eardiographie manifestations seem to occur so infrequently following auricular 
paroxysmal] tachycardia, and the magnitude of the changes are so much less that 
it seems justifiable to state that these alterations of the electrocardiogram con- 
stitute a characteristic electrocardiographic syndrome which may be present 
following paroxysmal ventricular tachycardia. 
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At the present time it cannot be determined how frequently this syndrome 
follows ventricular tachycardia. However, there are a number of published 
electrocardiograms made following attacks of ventricular tachyeardia which 
show otherwise unexplained changes similar to those under diseussion.*-** 

That this syndrome is more related to the ventricular structures than to the 
supraventricular structures is emphasized by the correlation between the con- 
tour of the electrocardiogram during the attack of paroxysmal ventricular tachy- 
eardia and the pattern which follows the tachycardia. From an analysis of the 
precordial leads in one of their cases, Cossio, Vedoya, and Berconsky*® thought 
that the sequence of disappearance of the negative T waves were expressions of 
a localized myocardial disorder. They found that in all of the six cases with 
left axis deviation during ventricular tachyeardia and two cases of supra- 
ventricular tachyeardia with aberrant ventricular complex there was a Ts; type 
(negative T; or negative T. and T;) of posttachyeardia electrocardiogram. The 
two additional cases of ventricular tachycardia reported by Zimmerman‘ showed 
left axis deviation during the paroxysm and the T; type of pattern following 
the attacks. All three cases of ventricular tachyeardia with right axis deviation 
during the attack had T, types (negative T, or T, and T’,) following the paroxysm. 

Four of the collected cases* and the author’s case (Figs. 1, A, 3, A, and 4, A) 
showed wide notched 8; waves with deep slurred Se and Ss waves and the T; 
type of posttachyeardial electrocardiogram. Four of these cases showed some 
negativity of T,;. The author’s ease (Fig. 1, (), besides deep inversions of Te 
and Ts, showed a deep inversion of T; two hours after termination of the four- 
day paroxysm. Fig. 3, B, shows a smaller negativity of T; after the attack of 
twenty-one hours’ duration, and a positive T,; (Fig. 4, B) after an attack of 
twenty-six hours’ duration. These cases represent combined T,; and Ts types, 
excepting the tracing shown in Fig. 4, B. Cossio and his co-workers® postulated 
that in this group the ectopic focus is situated on the posterior or posterior 
lateral portion of the left ventricle rather than on the anterior face, and that 
the T; type should be expected with a negative T; which will be of more promi- 
nence the nearer the focus is to the anterior surface. If this hypothesis is true, 
the electrocardiograms recorded in the author’s ease represent different active 
foci during each of the attacks: Fig. 1, C, shows the most anteriorly located 
focus and Fig. 4, B, shows a more posteriorly located focus. In all the sixteen 
eases of ventricular tachycardia studied, the posttachyeardial electrocardio- 
graphic pattern could be determined by the QRS complexes present during the 
attack. 

These findings support the contention of Cossio, Vedoya, and Bereonsky* 
that from the contours of the electroecardiogram during the attack of paroxysmal 
tachycardia, especially in the ventricular type, the automatic ectopie focus which 
originates the tachycardia can be located and the type of posttachyeardial 
electrocardiographie configuration can be predicted. 

Although the validity of this concept may be questionable, the frequency 
with which the posttachycardial pattern can be predicted by the contour of the 
QRS during the paroxysm is probably more than a coincidence. , 
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Geiger” first called attention to the occurrence of .a prolongation of the Q-T 
interval following paroxysmal tachyeardia. In his case, the Basett index (K) 
was 0.509 and 0.535 (normal, 0.392). Cossio and his associates found that in 
nine cases K varied from 0.45 to 0.60 with an average of 0.516. In the author's 
ease the average K during the first day following a four-day paroxysm was 
0.558 ; however, K equaled only 0.387 following an attack of twenty-four hours’ 
duration. 

The mechanism of production of the posttachyeardial pattern is not known. 
Various authors have - offered theoretical explanations, such as cardiac in- 
sufficiency’? ; fatigue and exhaustion of the myocardium resulting from the pro- 
longed attacks of tachyeardia™ ; overload of the myocardium connected with the 
duration of the attack't; myocardial ischemia associated with a sharply 
diminished ecardiae output during the many hours of high ventricular rate, 
producing a reversible injury’; modification of a chemical or other nature 
of the myocardium’; eardiae damage caused by the tachyeardia (anoxia, ex- 
haustion)'*; and oceult coronary sclerosis. These theories all postulate some 
disproportion between the blood supply and the work of the heart or some type 
of structural damage. That these conditions exist as the cause of the post- 
tachyeardial electrocardiographie alterations is hardly tenable for the following 
reasons: the attacks of auricular tachyeardia may persist for weeks without 
producing these electrocardiographic changes; the syndrome almost always fol- 
lows paroxysmal ventricular tachycardia; the duration of the ventricular tachy- 
cardia is not directly related to the posttachyeardial electrocardiographic 
changes, as they may occur after attacks as brief as three hours'*; the electro- 
eardiographie changes may persist for long periods (two months) unassociated 
with impaired cardiae function; and the syndrome may be repeatedly shown in 
the same patient without evidence of structural heart disease. 


Two cases which came to autopsy* did not have demonstrable heart disease, 
and only three* * of the twenty-six cases now cited were thought to have clinical 
heart disease; hence, it does not seem likely that organie heart disease plays a 
significant role in the production of the posttachycardial syndrome. 


The most ‘plausible explanation® is that the localized automatic foeus, which 
is responsible for the paroxysmal tachyeardia, retains gradually diminishing 
activity which causes the posttachyeardial electrocardiographic changes. 


CONCLUSIONS 

1. A ease is reported of a patient without structural heart disease whose 
electrocardiograms are examples of a postparoxysmal ventricular electro- 
cardiographie syndrome. 

2. The postparoxysmal ventricular syndrome is characterized by inversion 
of the T waves in one or more leads, with depression of the S-T segments in the 
leads where the T-wave inversions are the most prominent, and by prolongation 
of the Q-T interval. 

3. The type of the postventricular taehyeardial manifestations can be 
predicted from the QRS components which are present during the paroxysm of 
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ventricular tachycardia. When left axis deviation is present during the 
paroxysm, it may be assumed that an automatic focus is active in the right 
ventricle and predicted that the posttachyeardial pattern will be a Ts; type 
(negative T; or negative Ts and T;). When right axis deviation is present dur- 
ing the tachycardia, the focus is probably in the left ventricle and the post- 
tachycardial electrocardiograms will be the T; type (negative T; and T2). In 
those cases where slurred and deep S waves are prominent during the paroxysm, 
it is assumed that the automatic focus is in the left lateral portion of the heart 
and that a combination of T; and T; types will follow, with the negativity of 
T; most marked when the focus is more anteriorly located. 

4. As postulated by Cossio, Vedoya, and Berconsky,* it is thought that the 
automatic focus which is responsible for the paroxysmal ventricular tachy- 
cardia retains some type of activity after the cessation of the tachycardia, in- 
fluencing the electrical phenomenon to produce the abnormalities of the T 


waves, S-T segments, and the Q-T intervals. 
5. This syndrome is not indicative of serious heart disease, for which it 


may be mistaken. 
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Selected Abstracts 


Russek, H. I., Southworth, J. L., and Zohman, B. L.: Selection of the Hypertensive Patient 
for Sympathectomy. J. A.M. A. 130: 927 (April 6) 1946. 


In view of the increasing frequency with which sympathectomy is being performed 
in the treatment of hypertension, it becomes of growing importance to develop an accurate 
means by which favorable cases may be selected. Sodium nitrite, sodium amytal, and cold 
pressor tests, while still widely used, have not proved to be entirely satisfactory. While 
high spinal anesthesia appears to yield some information in the determination of favorable 
patients for operation, it introduces various factors which give misleading results. Thus 
the loss of muscle tone and complete motor paralysis observed in the lower part of the 
body in spinal anesthesia may, of themselves, materially affect the height of the blood 
pressure through the medium of venous stasis, diminished venous return to the heart, and 
fall in cardiac output. The hemodynamic response to this procedure does not seem com- 
parable to that following surgical sympathectomy. 

The use of caudal anesthesia is suggested as a means of selecting hypertensive pa- 
tients for surgery. The following are some of the advantages of continuous caudal anes- 
thesia: (1) muscle tone and motor power of the lower extremities are little affected; (2) 
respiration is essentially unchanged; and (3) the height of anesthesia is easily and safely 
raised to the desired level by repeated small injections. These authors maintain that by 
gradual and progressive block of sympathetic nerve segments from below upward, a clear 
concept may be obtained concerning the degree of neurogenic influence and extent of sur- 
gery indicated in the given case. They give a dose which suffices to cause a gradual rise 
in the level of skin anesthesia in the sixth thoracic segment. By this method they were 
able to lower the blood pressure of hypertensives to normal in 42 of 60 patients. By levels 
of anesthesia varying from the tenth to the fourth thoracic segment, they were able to 
accurately predict the outcome of surgical sympathectomy in 11 of 12 patients, whereas 
other tests were found unreliable when employed for this purpose. BELLET. 


Lian, C.: Cardio-Esophageal Auscultation. Arch. d. mal. du ceur, 38: 221 (Sept.-Oct.) 1945. 


The author’s technique of esophageal auscultation is to pass a Faucher gastric lavage 
tube, or preferably an Einhorn tube, into the esophagus and to attach the ear pieces of a 
binaural stethoscope to its outer end. Cardiac auscultation was performed by this means 
in a series of twenty-six patients. In three patients, auscultation was unsatisfactory be- 
cause of nausea. It is reported that valvular murmurs of all types as well as the heart 
sounds can be clearly heard when the breath is held during inspiration and expiration. The 
murmur which is best heard is that of mitral insufficiency because it presumably arises 
from the left auricle which is in close approximation to the esophagus. 

Attention is called to the value of esophageal auscultation in the diagnosis of mitral 
insufficiency. The author states that if no murmur is audible when the end of the tube 
is at a level 20 to 40 cm. below the dental arch, the conclusion is warranted that there is 
no insufficiency of the mitral valve. 

An auricular presystolic sound was very rarely audible by esophageal auscultation 
in normal subjects. This observation supports the view that the presystolic auricular sound 
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which appears on phonocardiograms is actually exceptional as an audible phenomenon in 
normal subjects in contrast to the frequency with which the physiologic third sound is 
heard. LAPLACE. 
Cotlove, E., and Vorzimer, J. J.: Serial Prothrombin Estimations in Cardiac Patients; 
Diagnostic and Therapeutic Indications, Use of Dicumarol. Ann. Int. Med. 24: 648 
(April) 1946. 
Prothrombin activity was studied in the following subjects: nineteen patients with 
“ardiace disease of heterogeneous types without embolism, thirteen patients with various 


types of cardiac disease and associated embolism, five noncardiac patients with thrombo- 


phlebitis and pulmonary embolism, and three noncardiac patients with thrombophlebitis 
without emoblism. The ‘‘controls’’ were thirty-five healthy hospital workers or patients 
with ‘‘various diseases’’ whose nutritional status and physical condition were good. In 
the patients studied, serial prothrombin estimations were made from one to six times a 
week, and most cases were followed for two weeks or more. None of the patients received 
salicylates, and vitamin K and dicumarol were not given except in a few cases specifically 
The readings included whole plasma prothrombin time and the 12.5 per cent 


studied. 
The purpose of 


diluted plasma prothrombin time, as recommended by Shapiro and others. 
the dilution was to render ineffective the naturally occurring anticoagulants of the blood. 
For this reason, the authors place greater stress on the diluted plasma prothrombin time 
In the normal controls, the figures obtained by these authors 


in evaluating their data. 
Of the eight 


were 17.8 +2 seconds (whole plasma) and 45.2 +5 seconds. (diluted plasma). 
cardiac cases with pulmonary embolism and infarction, four showed no deviation from 
normal, three showed an insignificant deviation, and only one showed any abnormal shorten- 
ing of dilute plasma prothrombin time. In the two cases with myocardial infaretion with 
mural ventricular thrombosis and peripheral embolism, and in the three cases of chronic 
rheumatic heart disease with auricular thrombosis and associated embolism, increased 
prothrombin activity was not present. Of the five noncardiac patients with thrombo- 
phlebitis and pulmonary embolism, all showed normal whole plasma prothrombin times, 
but four showed accelerated diluted plasma prothrombin time. On’the contrary, of the 
cases of thrombophlebitis without embolism, only one manifested a shortened diluted 
plasma prothrombin time. Of the 19 cardiac patients without frank embolism (which 
included five patients with acute coronary occlusion and five with angina pectoris) an ab- 
normal acceleration of the diluted plasma prothrombin time was encountered only three 
times, but in two of these instances, pulmonary infarction could not be entirely excluded. 
It is significant that digitalization, bed rest, or congestive failure did not significantly 
modify the prothrombin times. Six cardiac patients were given dicumarol therapeutically 
after embolism appeared. In all these, a significant prolongation of prothrombin time was 
achieved with less than the usually recommended amounts. The authors, therefore, suggest 
a tentative dosage schedule for cardiac patients. It is their opinion that the ideal indiea- 
tion for the use of this drug in cardiac disease is the presence of phlebothrombosis or 
thrombophlebitis. They also caution that dicumarol should never be used unless there are 
facilities for accurate daily estimations of prothrombin. . Included in the paper is a lengthy 
and complete discussion of the technical considerations involved in the performance of 


tests for prothrombin time. WENDKOS. 


Charr, R., and Swenson, P. G.: Clubbed Fingers. Am. J. Roentgenol. 55: 325 (March) 

1946. 

The superficial arterial vessels were studied by these authors in six early cases of 
clubbed fingers to further aid in understanding the pathogenesis of this condition. No 
bone changes were demonstrable by the roentgenogram. Injections of diodrast into the 
radial arteries in several patients were first tried but were technically unsatisfactory. The 
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methods finally used were infrared photography in the living, and injection of a suspen- 
sion of barium sulfate post mortem. Three of these patients had. died of advanced 
pulmonary tuberculosis. The clinical findings in the remaining three living patients were 
advanced bronchiectasis, pulmonary necrosis following pneumonia, and pulmonary tuber- 
eulosis associated with congenital stenosis of the pulmonary artery. None of the six 
cases had evidence of congestive heart failure. They found an increase in the number 
of blood vessels, with wider lumina, about the tips of the fingers. 

The authors state that while their observations substantiated the anatomic studies 
previously described, the results of their study of blood flow in patients with clubbed 
fingers were at some variance with the reports of others. The prevailing opinion seems 
to be that the bone changes, the hypertrophy, and the hyperplasia of the soft tissues 
present in clubbing result largely from the increased nutrition brought about by increased 
peripheral blood flow. MERANZE. 


Parker, R. L., Dry, T. J., Willius, F. A., and Gage, R. P.: Life Expectancy in Angina 
Pectoris. J..A. M. A. 131: 95 (May 11) 1946. 


Recent follow-up studies of patients with angina pectoris have shown a favorable 


lengthening of the average survival period. These authors made follow-up studies on 


3,440 cases of angina pectoris. The average age of the patient at the time of onset 
was 57.1 years. The majority of the patients had suffered with angina pectoris for a 
period of two years or less prior to the examination (74.3 per cent). In 2.8 per cent, 
symptoms of angina pectoris had been present for ten years or more prior to the time 
of examination. The ratio of men to women was 4.3:1. The highest mortality date was 
observed in the first year following examination. During this year, 18 per cent of the 
patients succumbed. Following the first year, the mortality remained nearly constant, 
averaging approximately 10 per cent among those who had survived the disease for three 
years. The survival rate was higher for women than for men. Associated conditions, such 
as cardiac hypertrophy, well-defined hypertension, previous cardiac infarction, congestive 
heart failure, and significant electrocardiographic abnormalities were clearly related to 
a higher mortality rate and lower survival rate. BELLET. 


Gregg, D. E.: The Coronary Circulation. Physiol. Rev. 26: 28 (Jan.) 1946. 


This article consists of a review of the coronary circulation particularly from the 
standpoint of physiology and pharmacology. There is a brief résumé of the anatomy and 
the experimental approaches to the study of the coronary circulation. The various methods 
of measuring coronary blood flow are discussed and some points of possible error and 
inadequacy of these measurements as applied to the problem in man are emphasized. 
The author brings out the fact that the reported observations dealing with the coronary 
tlow, its minute volume, distribution, and ultimate drainage, its response to drugs, the 
effects of nervous and humoral influences, and the effects of changes in aortic pressure, 
peripheral resistance, cardiac output, cardiac work, and metabolism are often made upon 
preparations that are abnormal and under conditions that are artificial. All too often 
results obtained with a decidedly abnormal preparation ultimately come to be regarded 
as events which can and do occur in the normal animal or man. Various concepts con- 
cerning the coronary circulation have frequently been revised, as new and improved 
instruments and preparations have been developed. Much of what has been reported 
in the past should be discarded as more accurate methods for making the same physiologic 
studies become available. He concludes that until better instruments and methods are 
devised and used in conjunction with preparations which are capable of normal physiologic 
responses, our knowledge concerning the normal and abnormal functioning of the coronary 
circulation will be necessarily limited as well as unavoidably inexact. BELLET. 
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Norpoth, L., and Vagades, K.: Disturbances of the Pacemaker and of Conduction in 
Addison’s Disease. Ztschr. f. Kreislaufforsch. 35: 673 (Dec.) 1943. 


The literature reporting electrocardiographic findings in Addison’s disease is re- 
viewed. Among the abnormalities reported have been varying degrees of A-V heart block, 
prolongation of the Q-T interval, low voltage, T-wave inversion, and, sometimes, RS-T 
segment depression. One case is added by the authors. The patient was a 31-year-old 
man, with a minor grade of A-V heart block in which the P-R interval shortened to top- 
normal duration with exercise. During a subsequent crisis sinus arrhythmia, brady- 
cardia, extrasystoles, and periods of sinoauricular heart block or A-V nodal rhythm 
appeared. All of these abnormalities disappeared following the administration of cortical 
hormone. SAYEN. 


von Diringshoten, H., Sarre, H., and Strnad, W.: Study of the Roentgen Density of the 
Lungs in Humans as a Measure of the. Pulmonary Blood Flow. Ztschr. f. Kreis- 
laufforsch. 35: 462 (Aug.) 1943. 


The authors believe that variations in the roentgen density of the peripheral lung 
field in excess of those occurring with normal respiration should provide an index of the 
pulmonary blood content. Their method was to measure the illumination of a portion 
of the right lung by a photoelectric cell in front of a fluoroscopic screen. By the use 
of a tilt table, the variation in lung density of normal subjects in various positions could 
be studied. The roentgen density of the lung decreased significantly with shifts from the 
erect to the recumbent position. The head-down position increased the density, and light 
exercise had a similar effect. Changes in the degree of density under these conditions 
were several times greater than those resulting from quiet respiration. When the breath 
was held against a pressure of about one atmosphere, decrease in density was observed; 
a further decrease in density was observed to follow shifts from the vertical to the 


horizontal position. Administration of low-oxygen mixtures and of adrenalin or histamine 
produced no significant effects. The authors concluded that, contrary to expectations, 
the blood content of the lungs decreases in recumbency in spite of increased venous 
return. The mechanism is obscure. The possibility of arteriovenous anastomotic channels 
opening to permit a more rapid pulmonary blood flow in the horizontal position is sug- 
gested. SAYEN. 


Holmgren, B. S.: The Movements of the Mitro-Aortic Ring Recorded Simultaneously by 
Cineroentgenography and Electrocardiography. Acta radiol. 27: 171 (No. 2) 1946. 


The movements of a sharply outlined calcific deposit in the mitral valve ring were 
studied in two patients by making cineroentgenograms at 16 frames per second and 
simultaneously recording an electrocardiogram with a signal marking the time of the 
successive exposures. It was found that the calcific shadow moved apically just after 
the beginning of the QRS complex and continued to do se until the end of the T wave. 
During the latter part of the isoelectric period the shadow moved slowly back toward 
the base, stopped briefly at the beginning of the P wave, and then moved a little farther 
basally until just after the beginning of the next ventricular complex. The total distance 
traveled was about 2 cm.: a considerably greater distance than the amplitude of the 
‘ ventricular wall pulsation. Thus, the mitral ring appeared to move upward toward the 
base with auricular systole and downward toward the apex with ventricular systole, 
which ‘was in accord with other observations in the literature. SAYEN. 


Bernstein, C.: Treatment of Acute Arrhythmias During Anesthesia by Intravenous 
Procaine. Anesthesiology 7: 113 (March) 1946. 


Previous experimental data have shown that the intravenous or intracardiac injec- 
tion of procaine into anesthetized dogs which had developed serious cardiac arrhythmias 
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resulted in recovery and restoration of normal rhythm. It is emphasized that the intra- 
venous injection of procaine or other local anesthetic agents is to be scrupulously avoided 
in the conscious patient, in whom it may. produce cardiovascular collapse or stimulation 
of the central nervous system to the point of generalized convulsions. However, the 
tolerance to procaine in the anesthetized subject is different from that of unanesthetized 
individuals. In experimental work on dogs anesthetized with cyclopropane, 150 mg. of 
procaine was injected intravenously without any evidence of untoward effects. 

In the series of patients reported by the author, the single dose of procaine used 
in the anesthetized patient ranged from 30 to 70 milligrams. No deleterious effects were 
observed; on the contrary, cardiocirculatory improvement was often effected. The author 
related his experience with single-dose injections intravenously into fourteen anesthetized 
patients with acute arrhythmias during intrathoracic operations. The arrhythmias always 
improved dramatically. 

The use of procaine during anesthesia to diminish cardiac irritability was based 
upon a number of findings. Investigators have shown that procaine applied locally to 
the heart reduced the irritability of the myocardium. It has also been established that 
during chloroform anesthesia the injection of procaine protects against the development 
of ventricular fibrillation produced by epinephrine. Cardiac arrhythmias produced by 
epinephrine during cyclopropane anesthesia in dogs can be abolished by procaine after 
such arrhythmias have been established. Previous studies have also shown that when the 
ventricular fibrillation sets in during cyclopropone anesthesia, the intracardiac injection 
of procaine is usually followed by a return of sinus rhythm. 

In discussing the efficacy of the use of procaine, it is stated that general anesthesia 
probably affords specific protection against the stimulating action of procaine on the 
central nervous system. Further studies are needed, however, to determine the optimal 
dose. BELLET. 


Noble, R. P., Gregersen, M. I., Porter, P. M., and Buckman, A.: Blood Volume in 
Clinical Shock. II. The Extent and Cause of Blood Volume Reduction in Traumatic 
Hemorrhagic and Burn Shock. J. Clin. Investigation 25: 172 (May) 1946. 


The mechanism of traumatic shock is similar to that of hemorrhagic shock in that 
the plasma proteins and the erythrocytes alike are lost from the circulating blood in 
proportional] amounts, and hemodilution occurs to compensate for the reduction in circulat- 
ing blood volume. The inference is that severe skeletal trauma is accompanied by loss 
of whole blood into the injured tissues and that a generalized increase in capillary 
permeability does not occur in these conditions. On the contrary, burn shock and peri- 


tonitis are accompanied by hemoconcentration due to loss of plasma at the site of injury. 
FRIEDLAND. 


Weens, H. S., and Heyman, A.: Cardiac Enlargement in Fever Therapy Induced by Intra- 
venous Injection of Typhoid Vaccine. Arch. Int. Med. 77: 307 (March) 1946. 


The effects of febrile illnesses upon the heart, particularly in the precipitation of 
heart failure, are discussed by the authors. During the treatment of patients with neuro- 
syphilis with fever induced by intravenous administration of typhoid vaccine, these 
authors observed roentgenographic evidence of cardiac enlargement in a significant num- 
ber of cases. Cardiac enlargement was present in eight of fifteen patients during the 
period of fever therapy. Increases in the transverse diameter varying from 1 to 2.3 em. 
were observed. In two patients there was associated pulmonary congestion. 

The increase in the heart size was usually recognized by the end of the first week, 
but was more pronounced after the second or third week of therapy. Regression of 
the increased heart size usually occurred during the month following fever. Beer. 
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Cosgrove, E. F., and Caravati, C. M.: Salicylate Toxicity: The Probable Mechanism of 
Its Action. Ann. Int. Med. 24: 38 (April) 1946. 


The recent vogue for massive salicylate therapy in rheumatic fever has introduced 
several problems, one of which is the troublesome nausea and vomiting which develops 
during treatment. The purpose of this study was to determine whether such symptoms 
are due to the action of the drug upon the gastrointestinal mucosa or to a central stimula- 
tion of the vomiting center. To test the validity of each view, data were compiled from 
gastroscopic examinations, estimations of the salicylate level in the blood, determination 
of the concentration of salicylic acid in the gastric aspirates, and analyses of salicylate in 
the urine before and after administration of alkalies. According to the authors, the 
results in a limited number of patients indicated that nausea was experienced more often 
by patients who received the drug intravenously than by those who received it orally, and 
that a definite correlation could be established between the nausea and a critical level 
of the salicylate concentration in the blood. It was observed also that the administra- 
tion of alkalies relieved the nausea in the group receiving the drug intravenously as well 
as in those who received it by mouth. The factor presumed to be responsible for this 
relief was increased urinary excretion of salicylate which followed the administration of 
the alkali. Finally, it was observed that salicylic acid was absent in the gastric aspirates 
of patients in whom the blcod level of salicylate was high, and by gastric examination 
no gastrie lesions could be seen in those receiving massive doses of salicylate, either orally 
or intravenously. The authors conclude that the gastrointestinal symptoms which appear 
during massive salicylate therapy are due to the action of the drug on the cerebral nerve 
centers and not to any local effect on the alimentary tract. WENDKOS. 


Whitehorn, W. V., Edelmann, A., and Hitchcock, F. A.: The Cardiovascular Responses to 
the Breathing of 100 Per Cent Oxygen at Normal Barometric Pressure. Am. J. 
Physiol. 146: 61 (April) 1946. 


Following a fifteen-minute rest period, normal subjects breathed 100 per cent 
oxygen for sixty minutes. The cardiac output was determined by the ballistocardiographic 
method. A significant reduction in cardiac output, amounting to -0.63 to —0.98 liters 
per minute, was observed; the percentage change was -13 per cent to —19.4 per cent. 
Subjects breathing room air for a sixty-minute period displayed smaller changes in 
eardiac output amounting to —0.06 to 0.22 liters per minute; the percentage change was 
-1.3 to -4.9 per cent. These latter figures were considered to have no statistical value. 
The reduction in cardiac output was effected by means of a decline both in the heart rate 
and in stroke volume. Systolic arterial pressure did not change significantly; however, 
at the end of the sixty-minute test period, diastolic pressure averaged 7 mm. Hg higher 
than the control value. FRIEDLAND. 


DeLaBarreda, P.: The Significance of Cardiac Weight in Rats With Experimental Hyper- 
tension. Rev. clin. espa. 19: 167 (Nov. 15) 1945. 


Hypertension was produced in rats by the use of Goldblatt’s clamp and the produe- 
tion of cellophane perinephritis. After hypertension had become established, the cardiac 
and total body weights were correlated in accordance with Addis’ formula. Normal 
animals were used as controls. Although cardiac hypertrophy usually develops with per- 
sistent experimental hypertension, the author found that hypertrophy does not always 
oceur. Moreover, hypertrophy was sometimes found in normal rats without hypertension. 
Hence, the determination of cardiac weights is not an adequate criterion of the past 
status of the arterial hypertension. GoLp. 


SELECTED ABSTRACTS 


Repetto, R., Ferrari, J. A., and Benzecri, I.: Rupture of Aortic Valves Due to Effort. 
Prensa méd. argent. 44: 2171 (Nov. 2) 1945. 


A case of rupture of the leaflets of the aortic valve following sudden severe effort 
is reported. The authors distinguish between rupture due to effort and that caused by 
trauma to the chest. In the former the lesion occurs at the angle of attachment of the 
leaflets to the aortic wall while in the latter the rent occurs at the free valvular margins. 
The characteristic murmur is heard at some distance from the heart in rupture due to 
effort, while in trauma to the chest it is usually confined to the precordium. The rup- 
ture is due to sudden increase in the intra-aortic pressure and the inability of the valves 
to withstand the augmented diastolic recoil of the column of blood. Antecedent disease 
such as atherosclerosis or syphilis increases the vulnerability of the valves. The increase 
in the aortic pressure is the result of increased cardiac output following increased venous 
return which occurs during the deep breathing that precedes sustained effort, the fixation 
of the chest and the squeezing of the subclavian and carotid vessels by the contracted 
muscles of the neck, shoulders, and arms, and the outpouring of adrenalin during effort. 

The characteristic sign and symptom is the murmur of which the patient as well 
s his neighbors may become acutely aware, and which is best described as the ‘‘ cooing 

f a dove.’’ 
Finally, the authors call attention to a symptom-free period lasting from minutes 
weeks that may occur between the causative effort or trauma and the appearance of 
the characteristic murmur. Its recognition is important from the legal standpoint, since 
total disability follows rupture of the aortic valves. Left ventricular enlargement and 
failure occur sooner or later in the course of the disease, and subacute bacterial endo- 
carditis may be a complication. In the early period, both the electrocardiogram and the 
x-ray studies of the heart are negative. Gop. 


Stryker, W. A.: Coronary Occlusive Disease in Infants and Children. Am. J. Dis. Child. 
71: 280 (March) 1946. 


Considerable interest has been aroused recently in the incidence of coronary occlu- 
sive disease in young soldiers. The importance and nature of coronary occlusive disease 
in a still younger age group, namely, that of infants and children, has not been fully 
appreciated. In adults, the great majority of coronary occlusions are related to arterio- 
sclerotic disease of the atheromatous type. In infants and children, however, that type 
of arteriosclerosis is a relatively rare factor in causing occlusion and the incidence of 
other types is increased. The arterial lesions which may produce partial or complete 
ocelusion in infants and children include medial calcification with fibroplastic prolifera- 
tion of the intima, polyarteritis (periarteritis nodosa), syphilitic arteritis, embolism, con- 
genital abnormalities, rheumatic arteritis, and hypertension. Stryker reports the findings 
in a series of hearts from nine infants and children under the age of 17 years, in whom 
occlusion of one or more coronary arteries is the important feature. He discusses each 
of the above categories and illustrates them with sections of the coronary arteries show- 
ing the different types of pathology producing coronary occlusion. BELLET. 


Wintrobe, M. M.: The Cardiovascular System in Anemia, With a Note on the Particular 
Abnormality of Sickle Cell Anemia. J. Hemat. 1: 121 (March) 1946. 


The author reviews the cardiovascular and physiologic adjustments which occur in 
the presence of anemia. These include increase in the cardiac rate, velocity of blood 
flow, minute volume, cardiac output, cardiac size, oxygen utilization and oxygen consump- 
tion; and decrease in the circulation time, the blood viscosity, the arterial blood pressure, 
the total blood volume, the A-V oxygen difference, and the vital capacity of the lungs. 
He suggests that the remarkable changes found in the cardiovascular system in cases of 
sickle cell anemia may be the result of adjustment to severe anemia of exceptional 
chronicity. BELLET. 
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Pereiras, E., and Castellanos, A.: A New Indirect Radiologic Sign in the Diagnosis of 
Aortic Coarctation by Means of the Superior Retrograde Aortography. Rev. cubana 
de cardiol. 99: 120, 1945. 


This procedure of retrograde aortography is based upon the existence of anastamosis 
between the lateral thoracic, the superior intercostal and the internal mammary arteries 
arising from the aorta. Marked dilatation and tortuosity of these vessels are considered as 
pathognomonic of coarctation of the aorta. The notching along the inferior border of the 
rib is shown to be produced by the looping of the dilated intercostal vessels. 

The authors’ technique is as follows: a tight tourniquet is applied to the left arm 
distal to the site of injection. Twenty cubic centimeters of 50 per cent diodrast or neoio- 
pax is then injected into the left brachial artery at the antecubital fossa. Considerable 
resistance is usually encountered in overcoming the arterial blood pressure. No incision 
of the skin is necessary as a Lindemann catheter is used. 

Usually the subclavian artery and part of the aorta are visualized; occasionally the 
abdominal aorta is seen. This technique was first tried in newborn infants but has since 
been used successfully in older children and adults without ill effect. TAVERAS 


Firestone, G. M.: Meningococcus Endocarditis. Am. J. M. Se. 211: 556 (May) 1946. 


Although meningococcic infections are susceptible to the newer therapeutic agents, 
the fulminating character of the infection when it affects the valves of the heart, com- 
bined with the difficulties involved in establishing an early bacteriologie diagnosis, often 
conspire to delay therapy until the patient’s condition is beyond the point of reversibility. 
The author describes in detail the clinical features of one case of meningococcic endo- 
carditis, together with an analysis of twenty-four cases collected from the literature. He 
believes that the clinical picture is quite characteristic of this bacteriologically specific 


type of acute endocarditis; so much so that one may often obtain, in individual cases, 
a definite clue as to the etiological diagnosis. Most characteristic are the presence of 
skin lesions, arthralgia, and a tertian, quartan, or double quotidian type of temperature 
curve, together with the symptoms and signs of acute septicemia and physical signs of 
cardiac valvular involvement. DURANT. 


Shanno, R. L.: Rutin: A New Drug for the Treatment of Increased Capillary Fragility. 
Am. J. M. Se. 211: 539 (May) 1946. 


Rutin, which is probably the active substance in citrin, is a crystalline glucoside 
of quercetin and a derivative of flavone. It is without either acute or chronic toxic 
effects when administered to animals. The author has experimented in human beings 
with this substance in doses of 20 mg. (occasionally higher) three times a day to deter- 
mine its effectiveness in controlling increased capillary fragility as determined by the 
Gothlin test. No toxic effects were observed. Of thirteen hypertensive patients with 
increased capillary fragility all improved when treated with rutin. Eleven additional 
hypertensive patients received thiocyanate plus rutin. Seven of this group had normal 
fragility which was maintained by the prophylactic use of rutin with thiocyanate. Two 
patients treated solely with thiocyanate developed an increase in the Géthlin index, which 
became normal following treatment with rutin. One maintained a normal index on 
thiocyanate after an abnormal index had previously been created by rutin. Two cases of 
pulmonary hemorrhage of undetermined origin with increased capillary fragility were 
treated with rutin which restored a normal index and ended the bleeding. In three 
eases of increased capillary fragility, uncertain results were obtained due to drug reac- 
tions. One case of small hemorrhage into the eighth nerve nucleus and one with complete 
heart block and retinal hemorrhages returned to normal with rutin therapy. 

It is concluded that rutin appears to be of value in: preventing vascular accidents 
in patients with hypertension, maintaining normal capillary fragility, avoiding vascular 
accidents in patients being treated with thiocyanate, and controlling pulmonary bleeding 
of undetermined origin. DURANT. 


Book Reviews 


InFEccAo REUMATICA E, CaRDITE REUMATICA. By Moacir Carlos Barroso, Capitao Medico do 
Exercito. Grafica Laemmert Limitada, Rio de Janeiro, Brazil, 1945, 182 pages, 71 
illustrations. 


This monograph includes the personal experience of the author with rheumatic fever and 
rheumatic heart disease in a military hospital in Uruguayana in the Southern Brazilian state of 
Rio Grande do Sul. It also quotes the experience of Pedro da Cunha and his associates in Rio de 
Janeiro. A well-written and documented account is given of rheumatic fever and rheumatic 
heart disease. So far as we are aware, it is the most extensive review of the subject in 
Portuguese. Thus, the monograph is of considerable importance. 

Of interest is the attention given by the author to the fact that, in the temperate zone 
areas of Brazil, there is a high incidence of rheumatic fever. This incidence is considered 
similar to that of other countries of like climates. In Brazil, the clinician has long been 
taught to think first of syphilis. A well-timed plea is presented for the clinician to remember 
that rheumatic fever is common and should not be neglected. The monograph deserves a wide 
circulation, and it will doubtless serve a most useful purpose. 


SCHLESINGER, M.D., aND T, DucKETT JONES, M.D. 


CORNELL CONFERENCES ON THERAPY. Edited by Harry Gold, David P. Barr, McKeen Cattell, 
Eugene F. DuBois, and Charles H. Wheeler. New York, 1946, The Macmillan Company, 


vol. I, 322 pages. 


In this book are contained what might be called teaching conferences given at Cornell to 
the undergraduates in medicine. Many will be familiar with this type of presentation as a 
number of these conferences have already appeared in the Journal of The American Medical 
Association and the New York State Journal of Medicine. 

Designed to bridge the gap between the teaching of Pharmacology and of Therapeutics, 
members of the former department combine with doctors from the clinical departments to 
make the presentations, which are made in the form of a brief lecture followed by questions 
and answers. Drug therapy is discussed chiefly, but other forms of therapy, such as bed rest, 
are also covered. Apparently, further volumes are planned; the subject matter of this volume 
cannot be classified under one head. 

The book can be highly recommended as a statement of modern therapeutic ideas. 


ISAAC STARR. 
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HE American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of thirty-three eminent 
physicians who represent every portion of the country. 


A central office is maintained for the coordination and distribution of important 
information. From it there issues a steady stream of books, pamphlets, charts, 
films, lantern slides, and similar educational material concerned with the recognition, 
prevention, or treatment of diseases of the heart, which are now the leading cause of 
death in the United States. The AMERICAN HEART JOURNAL is under the editorial 
supervision of the Association. 


The Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 


The income from membership and donations provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. 

Annual membership is $5.00. Journal membership at $11.00 includes a year’s 
subscription to the AMERICAN HEART JOURNAL (January-December) and annual 
membership in the Association. The Journal alone is $10.00 per year. 

The Association earnestly solicits your support and suggestions for its work. 
Membership application blanks will be sent on request. Donations will be gratefully 
received and promptly acknowledged. 
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